Synthesis, Characterization And Adsorption Kinetic Studies Of Nanocomposite Decolorant Resins by Uzunsakal, Seher
  
 
 
 
 
 
 
 
  
 
 
 
 
ISTANBUL TECHNICAL UNIVERSITY  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
M.Sc. THESIS 
JUNE, 2012 
 
SYNTHESIS, CHARACTERIZATION AND ADSORPTION KINETIC STUDIES 
OF  
NANOCOMPOSITE DECOLORANT RESINS  
 
Seher UZUNSAKAL 
 
Department of Polymer Science and Technology 
Polymer Science and Technology Programme 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Thesis Advisor: Prof. Dr. Nurseli UYANIK 
 
  
    
  
ISTANBUL TECHNICAL UNIVERSITY  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
M.Sc. THESIS 
JUNE, 2012 
 
 
 
SYNTHESIS, CHARACTERIZATION AND ADSORPTION KINETIC STUDIES 
OF  
NANOCOMPOSITE DECOLORANT RESINS  
 
Seher UZUNSAKAL 
(515091054) 
 
Department of Polymer Science and Technology 
Polymer Science and Technology Programme 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Thesis Advisor: Prof. Dr. Nurseli UYANIK 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
    
 
 
HAZİRAN, 2012 
 
İSTANBUL TEKNİK ÜNİVERSİTESİ  FEN BİLİMLERİ ENSTİTÜSÜ 
RENK GİDERİCİ NANOKOMPOZİT REÇİNELERİN SENTEZİ, 
KARAKTERİZASYONU VE   
ADSORPSİYON KİNETİĞİ ÇALIŞMALARI 
 
YÜKSEK LİSANS TEZİ 
Seher UZUNSAKAL 
(515091054) 
 
(515091054) 
Polimer Bilim ve Teknolojileri 
Polimer Bilim ve Teknolojileri Programı 
 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Tez Danışmanı: Prof. Dr. Nurseli UYANIK 
 
 
  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Thesis Advisor :  Prof. Dr. Nurseli UYANIK  .............................. 
 İstanbul Technical University  
Jury Members :  Prof. Dr. Nilgün KIZILCAN ............................. 
                                    İstanbul Technical University 
Prof. Dr. Ayfer SARAÇ  .............................. 
Yıldız Technical University 
Seher Uzunsakal, a M.Sc. student of ITU Graduate School of Science 
Engineering and Technology student ID 515091054, successfully defended the 
thesis entitled “SYNTHESIS, CHARACTERIZATION AND ADSORPTION 
KINETIC STUDIES OF NANOCOMPOSITE DECOLORANT RESINS”, 
which she prepared after fulfilling the requirements specified in the associated 
legislations, before the jury whose signatures are below. 
 
 
Date of Submission : 29 June 2012 
Date of Defense :   8 June 2012 
 
  
 
v 
FOREWORD 
I would firstly like to express my deep appreciation and thanks for my supervisor 
Prof. Dr. Nurseli UYANIK for her support, humanity, kindliness, encouragement 
throughout the whole study and for providing me to study of master degree at 
Istanbul Technical University.  
I would like to special thank to Dr. Ömer L. UYANIK for his contribution in this 
thesis. 
I am great thankful to Prof. Dr. Saadet YAPAR, Prof. Dr. Mustafa DEMİRCİOĞLU 
and Prof. Dr. Gürel NİŞLİ who shaped of my vision for the future during 
undergraduate education in Ege University. 
I would like to express my thanks to Ak-Kim Kimya San. ve Tic. A.Ş. for invaluable 
support in the names of M. Fatih TANVERDİ and M. Yalçın TANES. 
I sincerely thank to my department manager A. Erdem GEDİKOĞLU, my unit 
manager and also my teacher Serhat ZEYTİNCİ (especially for his brilliant ideas), 
my collegue Mehlika ÖZDEMİR and Ahmet DENİZLİ from Ak-Kim.  
My personal thanks are to Sevda DURMUŞ, Metin ÇEVİKGİL, Selma KARADAĞ 
and Hilay BABADAĞ  for their support. 
And my collegues, sweety friends; Merve ZAKUT, Gözde ÖZKARAMAN, Merih 
Zeynep AVCI, Derya ÇETECİOĞLU, Selim ZEYDANLI, Fatma GÜLGÜLER,  N. 
Uğur KAYA, Timuçin BALKAN and Bahar BÜYÜKKAHRAMAN from ITU for 
their invaluable support, friendship and helps. 
Finally, I know it is not enough to express my gratitude to them, but I am grateful to 
my whole family; my mother Gülşen UZUNSAKAL, my father Abdullah 
UZUNSAKAL, my brother M. Can UZUNSAKAL and my best friends; Özge 
ÇIRACI, Habibe KOÇAN, Ruhi ÇİÇEK, Şule KOMAN, İbrahim KESKİN and 
Yasin CANIM for their endless support, love and patience, not just for these two 
years, for during all stages of my life.  
 
This work is supported by ITU Institute of Science and Technology. 
 
 
June 2012 
 
 Seher UZUNSAKAL 
                  Chemical Engineer   
 
vi 
 
 
 
 
 
 
 
 
 
 
vii 
TABLE OF CONTENTS 
Page 
 
FOREWORD .............................................................................................................. v 
TABLE OF CONTENTS ......................................................................................... vii 
ABBREVIATIONS ................................................................................................... xi 
LIST OF TABLES .................................................................................................. xiii 
LIST OF FIGURES ................................................................................................. xv 
SUMMARY .............................................................................................................. xv 
ÖZET ......................................................................................................................... xv 
1. INTRODUCTION .................................................................................................. 1 
2. THEORETICAL PART ........................................................................................ 5 
2.1 Water Soluble Polymers.................................................................................. 5 
2.2 Amino Resins .................................................................................................. 6 
2.3 Dicyandiamide-Formaldehyde Resin .............................................................. 6 
2.3.1 Qualitative and quantitative analysis methods of DCD-Formaldehyde .... 8 
2.3.2 Coagulation properties of DCD-Formaldehyde......................................... 8 
2.3.3 Charge neutralization ................................................................................. 8 
2.3.4 Suspension destabilization by coagulation ................................................ 9 
2.3.5 Coagulation testing .................................................................................. 10 
2.4 Advantages of Organic Coagulants ............................................................... 10 
2.5 Wastewater of Textile Industry ..................................................................... 11 
2.6 Color Removal .............................................................................................. 12 
2.6.1 Factors affecting color removal ............................................................... 13 
2.6.2 Dye structure ............................................................................................ 13 
2.6.3 Decolorization methods ........................................................................... 14 
2.6.4 Using Adsorbents for Decolorization ...................................................... 15 
2.7 Clay Minerals ................................................................................................ 15 
2.7.1 Clay mineral properties............................................................................ 16 
2.7.1.1 Subdivision of layer lattice silicates ................................................... 17 
2.7.2 Montmorillonite ....................................................................................... 18 
2.7.3 Polymer nanocomposites ......................................................................... 20 
2.7.3.1 Polymer nanocomposite preparation and synthesis ........................... 20 
2.7.4 Clay-water interactions ............................................................................ 21 
2.7.5 Clay-dye interactions ............................................................................... 22 
2.8 Adsorption ..................................................................................................... 23 
2.8.1 Adsorption and its characteristics ............................................................ 23 
2.8.2 Adsorption types ...................................................................................... 24 
2.8.2.1 Physical adsorption ............................................................................ 24 
2.8.2.2 Chemical adsorption ........................................................................... 24 
2.8.2.3 Exchange (electrostatic) adsorption ................................................... 25 
2.8.3 Factors affecting adsorption .................................................................... 25 
2.8.3.1 Characteristics of adsorbent ............................................................... 25 
2.8.3.2 Characteristics of the adsorbed substance .......................................... 26 
2.8.3.3 pH ....................................................................................................... 26 
2.8.3.4 Temperature ....................................................................................... 26 
2.8.3.5 Presence of competing ions ................................................................ 26 
2.8.3.6 Contact time ....................................................................................... 27 
2.8.4 Adsorption from solution ......................................................................... 27 
2.8.5 Adsorption kinetics .................................................................................. 28 
2.8.6 Adsorption thermodynamics .................................................................... 29 
viii 
2.8.7 Adsorption studies realized on polymer composites ............................... 30 
3. EXPERIMENTAL ............................................................................................... 33 
3.1 Chemicals Used ............................................................................................. 33 
3.1.1 Na-Montmorillonit (MMT)...................................................................... 33 
3.1.2 Dicyandiamide ......................................................................................... 33 
3.1.3 Formaldehyde .......................................................................................... 33 
3.1.4 Hydrochloric Acid (HCl) ......................................................................... 34 
3.1.5 Ammonium Chloride ............................................................................... 34 
3.1.6 Dyestuff ................................................................................................... 34 
3.2 Used Equipment ............................................................................................ 34 
3.2.1 Basket heater with magnetic stirrer ......................................................... 34 
3.2.2 Mechanical mixer .................................................................................... 34 
3.2.3 Centrifuge ................................................................................................ 34 
3.2.4 pH meter .................................................................................................. 34 
3.2.5 Viscometer ............................................................................................... 35 
3.2.6 Precision balance ..................................................................................... 35 
3.2.7 Solid content analyzer .............................................................................. 35 
3.2.8 Drying-Oven ............................................................................................ 35 
3.2.9 Micropipette ............................................................................................. 35 
3.2.10 Jar Tester ................................................................................................ 35 
3.2.11 Fourier Transform Infrared Spectroscopy (FTIR-ATR) ........................ 35 
3.2.12 Ultraviolet–Visible Spectroscopy (UV-Vis) .......................................... 35 
3.2.13 Colorimeter ............................................................................................ 35 
3.2.14 Thermal Gravimetric Analysis (TGA) ................................................... 36 
3.3 Synthesis of DCD-F and DCD-F-MMT Nanocomposite Resins .................. 36 
3.4 Characterization of Samples ......................................................................... 37 
3.4.1 FTIR-ATR spectrophotometric analysis .................................................. 37 
3.4.2 Thermogravimetric measurements (TGA) ............................................... 37 
3.4.3 UV/Visible spectrophotometric and colorimetric analysis ...................... 38 
3.4.4 Adsorption experiments ........................................................................... 38 
4. RESULTS AND DISCUSSION........................................................................... 41 
4.1 Resin Samples Characterization .................................................................... 41 
4.1.1 FTIR-ATR spectrophotometric analysis .................................................. 41 
4.1.2 Thermal gravimetric analysis results ....................................................... 43 
4.1.3 Adsorption capacities ............................................................................... 44 
4.1.3.1 Comparison of the prepared nanocomposites samples at constant 
temperature, dye concentration and the amount of adsorbent ........................ 44 
4.1.3.2 The effect of adsorbent amount to the adsorption capacity at constant 
temperature and dye concentration ................................................................ 46 
4.1.3.3 The effect of dye concentration to the adsorption capacity at constant 
temperature and constant amount of adsorbent .............................................. 46 
4.1.3.4 Comparison the effect of pH at constant temperature, constant dye 
concentration and amount of adsorbent ......................................................... 48 
4.1.3.5 The effect of temperature to the adsorption capacity at constant dye 
concentration and amount of adsorbent ......................................................... 48 
4.1.4 Adsorption kinetics studies ...................................................................... 50 
4.1.4.1 Application of pseudo-second order rate equation for different 
nanocomposite samples at constant temperature, dye concentration and 
amount of adsorbent ....................................................................................... 50 
4.1.4.2 Application of pseudo-second order rate equation for different 
amounts of samples at constant temperature and dye concentration ............. 51 
ix 
4.1.4.3 Application of pseudo-second order rate equation for different dye 
concentrations at constant temperature and amount of adsorbent ................. 53 
4.1.4.4 Application of pseudo-second order rate equation for different pH 
values at constant dye concentration, temperature and adsorbent amount .. 545 
4.1.4.5. Application of pseudo-second order rate equation for different 
temperatures at constant dye concentration and constant adsorbent amount . 56 
4.1.5 Adsorption thermodynamics studies........................................................ 58 
5. CONCLUSION ..................................................................................................... 61 
REFERENCES ......................................................................................................... 63 
CURRICULUM VITAE .......................................................................................... 71 
 
 
 
 
x 
 
 
 
 
 
 
 
 
xi 
 
ABBREVIATIONS 
 
DCD-F  :Dicyandiamide-Formaldehyde Resin 
MMT   :Montmorillonite 
DCD-F-MMT :Dicyandiamide-Formaldehyde-Montmorillonite 
Nanocomposite Resin 
CEC   :Cation Exchange Capacity 
SAS   :High Specific Surface Area (SSA), 
ASTM   :American Standard Test Method 
ΔG0   :Free Energy Change 
ΔH0   :Enthalpy Change 
ΔS0   :Entropy Change 
Kc   :Adsorption Equilibrium Constant 
CA :Concentration of Adsorbed Substance After Adsorption 
(mg/L) 
Ce :Equilibrium Concentration of Adsorbed Substance (mg/L) 
b :Langmuir Constant Depending on the Capacity of Adsorbed 
Substance (L/mg) 
k1   :Lagergren Adsorption Rate Constant (min
-1
) 
k  :Second Order Adsorption Rate Constant (g/(mg.min)) 
k2   :Pseudo-Second Order Adsorption Rate Constant (g/(mg.min)) 
qt :Adsorbed Substance Amount per Unit Weight of Adsorbent at 
Any Time t (mg/g) 
qe :Adsorbed Substance Amount per Unit Weight of Adsorbent at 
Equilibrium (mg/g) 
qmax :Maximum Substance Amount of Adsorbed onto per Unit 
Weight of Adsorbent (mg/g) 
meq   :Milliequivalent 
A   :Absorbance 
FTIR   :Fourier Transform Infrared Spectroscopy 
TGA   :Thermal Gravimetric Analysis 
 
 
xii 
 
xiii 
 
LIST OF TABLES 
Page 
   
Table 2.1 : Major wastewater treatment techniques [25]. ......................................... 12 
Table 2.2 : Distinction between clay and clay mineral [48]. ..................................... 16 
Table 3.1 : Contents of resin samples. ...................................................................... 37 
Table 4.1 : Kinetic parameters for the adsorption of Acid Red on  DCD-F resins 
(Acid Red concentration=40 mg/L, mass of adsorbent=0.15 g,  pH=9.41,  
t=30
0
C).. .................................................................................................. 51 
Table 4.2 : Kinetic parameters for the adsorption of Acid Red on  DCD-F resins 
(Acid Red concentration=40 mg/L, mass of adsorbent=0.15 g,  pH=9.52,  
t=30
0
C).. .................................................................................................. 51 
Table 4.3 : Kinetic parameters for the adsorption of Acid Red on  DCD-F-MMT8% 
samples of different masses (Acid Red concentration=40 mg/L, pH=9.41,  
t=30
0
C).. .................................................................................................. 53 
Table 4.4 : Kinetic parameters for the adsorption of Acid Yellow on DCD-F-
MMT8% samples of different masses (Acid Yellow concentration=40 
mg/L,  pH=9.52,  t=30
0
C).. ..................................................................... 53 
Table 4.5 : Kinetic parameters for the adsorption of Acid Red with different initial 
concentrations on DCD-F-MMT8% (Mass of adsorbent=0.15 g DCD-F-
MMT8%,  pH=9.41, t=30
0
C).. ................................................................ 54 
Table 4.6 : Kinetic parameters for the adsorption of Acid Yellow with different 
initial concentrations on DCD-F-MMT8% (Mass of adsorbent=0.15 g 
DCD-F-MMT8%,  pH=9.52, t=30
0
C).. ................................................... 54 
Table 4.7 : Kinetic parameters for the adsorption of Acid Red on DCD-F-MMT8% 
from solutions of different pH values (Acid Red concentration = 40 
mg/L, mass of adsorbent = 0.15 g DCD-F-MMT8%,  t = 30
0
C). ........... 56 
Table 4.8 : Kinetic parameters for the adsorption of Acid Yellow on  DCD-F-
MMT8% from solutions of different pH values (Acid Yellow 
concentration = 40 mg/L, mass of adsorbent = 0.15 g DCD-F-MMT8%, t 
= 30
0
C).. .................................................................................................. 56 
Table 4.9 : Kinetic parameters for the adsorption of Acid Red on DCD-F-MMT8% 
at different temperatures (Acid Red concentration=40 mg/L, mass of 
adsorbent=0.15 g DCD-F-MMT8%,  pH=9.41).. ................................... 58 
Table 4.10 : Kinetic parameters for the adsorption of Acid Yellow on DCD-F-
MMT8% at different temperatures (Acid Yellow concentration=40 mg/L, 
mass of adsorbent=0.15 g DCD-F-MMT8%,  pH=9.52).. ...................... 58 
Table 4.11 : Thermodynamic parameters for the adsorption of Acid Red on DCD-F-
MMT8%.. ................................................................................................ 58 
Table 4.12 : Thermodynamic parameters for the adsorption of Acid Yellow on 
DCD-F-MMT8%. .................................................................................... 59 
 
xiv 
 
xv 
LIST OF FIGURES 
Page 
 
Figure 2.1 : Formation of dicyandiamide (DCD). ...................................................... 7 
Figure 2.2 : Reaction of DCD-Formaldehyde resin. ................................................... 7 
Figure 2.3 : Coagulation using with DCD-F polymer chains [21].............................. 9 
Figure 2.4 : Conventional polymer-clay composites (a); intercalated polymer clay 
(b); and exfoliated polymer clay nanocomposite (c) [28]. .................... 17 
Figure 2.5 : Major subdivisions of layered silicates. ................................................ 18 
Figure 2.6 : SEM image of smectite (montmorillonite) overgrown on pore spaces 
and authigenicly-overgrown quartz grains in a sandstone [55]. ......... 19 
Figure 3.1 : Dicyandiamide structure. ....................................................................... 33 
Figure 3.2 : Formaldehyde structure. ........................................................................ 33 
Figure 3.3 : Colorimeter. ........................................................................................... 36 
Figure 4.1 : FTIR analysis of MMT .......................................................................... 42 
Figure 4.2 : FTIR analysis of DCD-F resin .............................................................. 42 
Figure 4.3 : FTIR analysis of DCD-F-MMT8% ....................................................... 43 
Figure 4.4 : TGA analysis results of DCD-F and DCD-F-MMT samples. ............... 44 
Figure 4.5 : Adsorption capacity versus time for DCD-F, DCD-F-MMT2%, DCD-F-
MMT4% and DCD-F-MMT8% in Acid Red solution. (Acid Red 
concentration= 40 mg/L, pH=9.41, mass of adsorbent=0.15 g, t=30 
0
C)..
 .............................................................................................................. 45 
Figure 4.6 : Adsorption capacity versus time for DCD-F, DCD-F-MMT2%, DCD-F-
MMT4% and DCD-F-MMT8% in Acid Yellow solution. (Acid Yellow 
concentration= 40 mg/L, pH= 9.52, mass of adsorbent=0.15 g, t=30 
0
C).
 .............................................................................................................. 45 
Figure 4.7 : Adsorption capacity versus time for amounts of DCD-F-MMT8% in 
Acid Red solution (Acid Red concentration=40 mg/L, pH=9.41, 
t=30
0
C).. ................................................................................................ 46 
Figure 4.8 : Adsorption capacity versus time for amounts of DCD-F-MMT8% in 
Acid Yellow solution (Acid Yellow concentration=40 mg/L, pH=9.52, 
t=30
0
C).. ................................................................................................ 46 
Figure 4.9 : Adsorption capacity  versus time for different Acid Red concentrations 
(Mass of adsorbent=0.15 g of DCD-F-MMT8%, pH=9.41, t=30 
0
C). . 47 
Figure 4.10 : Adsorption capacity  versus time for different Acid Yellow 
concentrations (Mass of adsorbent=0.15 g of DCD-F-MMT8%, 
pH=9.52, t=30 
0
C).. ............................................................................ 47 
Figure 4.11 : Adsorption capacity  versus time for different pH values  (Acid Red 
concentration=40 mg/L, mass of adsorbent=0.15 g of DCD-F-
MMT8%, t=30
0
C).. ............................................................................ 48 
Figure 4.12 : Adsorption capacity  versus time for different pH values   (Acid 
Yellow concentration= 40 mg/L, mass of adsorbent= 0.15 g of DCD-
F-MMT8%, t= 30
0
C).. ........................................................................ 48 
Figure 4.13 : Adsorption capacity  versus time at different temperatures in Acid Red 
solutions. (Acid Red concentration= 40 mg/L, mass of adsorbent= 
0.15 g of DCD-F-MMT8%, pH=9.41). .............................................. 49 
xvi 
Figure 4.14 : Adsorption capacity  versus time at different temperatures in Acid 
Yellow solutions. (Acid Yellow concentration=40 mg/L, mass of 
adsorbent=0.15 g of DCD-F-MMT8%, pH=9.52).. ........................... 49 
Figure 4.15 : Pseudo-second order rate equation fit  to data for the adsorption of 
Acid Red on DCD-F resins (Acid Red concentration=40 mg/L,  mass 
of adsorben t=0.15 g,  pH=9.41,  t=30
0
C). ......................................... 50 
Figure 4.16 : Pseudo-second order  rate equation fit  to data for the adsorption of 
Acid Yellow on DCD-F resins (Acid Yellow concentration=40 mg/L, 
mass of adsorbent=0.15 g,  pH=9.52,  t=30
0
C). ................................. 51 
Figure 4.17 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Red on DCD-F-MMT8% samples of different masses (Acid Red 
concentration=40 mg/L,  pH=9.41,  t = 30
0
C). ................................... 52 
Figure 4.18 : Pseudo-second order rate equation fit to data for the  adsorption of 
Acid Yellow on  DCD-F-MMT8% samples of different masses (Acid 
Yellow concentration=40 mg/L,  pH=9.52,  t=30
0
C). ........................ 52 
Figure 4.19 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Red with different initial concentrations on DCD-F-MMT8% (Mass of 
adsorbent=0.15 g DCD-F-MMT8%,  pH=9.41, t=30
0
C). .................. 53 
Figure 4.20 : Pseudo-second order rate equation fit to data for the  adsorption of 
Acid Yellow with different initial concentrations on DCD-F-MMT8% 
(Mass of adsorbent=0.15 g DCD-F-MMT8%,  pH=9.52, t=30
0
C). ... 54 
Figure 4.21 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Red on DCD-F-MMT8% from solutions of different pH values (Acid 
Red concentration = 40 mg/L, mass of adsorbent = 0.15 g DCD-F-
MMT8%,  t = 30
0
C).. .......................................................................... 55 
Figure 4.22 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Yellow on DCD-F-MMT8% from solutions of  different pH values 
(Acid Yellow concentration = 40 mg/L, mass of adsorbent = 0.15 g 
DCD-F-MMT8%,  t = 30
0
C).. ............................................................ 55 
Figure 4.23 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Red on DCD-F-MMT8% at different temperatures (Acid Red 
concentration=40 mg/L, mass of adsorbent=0.15 g DCD-F-MMT8%,  
pH=9.41).. ........................................................................................... 57 
Figure 4.24 : Pseudo-second order rate equation fit to data for the adsorption of Acid 
Yellow on DCD-F-MMT8% at different temperatures (Acid Yellow 
concentration=40 mg/L, mass of adsorbent=0.15 g DCD-F-MMT8%,  
pH=9.52).. ........................................................................................... 57 
 
xvii 
SYNTHESIS, CHARACTERIZATION AND ADSORPTION KINETIC 
STUDIES OF NANOCOMPOSITE DECOLORANT RESINS 
SUMMARY 
Water soluble polymers have a wide range of highly varied products of natural or 
synthetic origin. They have many applications in various fields of industry; including 
food science, agriculture, ceramics, paper and ink technologies, explosives, textiles 
and water treatment. Water soluble polymers may be nonionic or ionic. The majority 
is ionic polymers and also called polyelectrolites that have cationic or anionic 
structures. Among these, synthetic polymers, and more particularly coagulants, are 
used mainly for facilitating the separation of materials in suspension from aqueous 
media.  
Color in water discharge of textile industry results from textile ionic dyes. Colored 
wastewaters can be easily decolorized by coagulation processes. This is important for 
industrial treatment of water or discharge into watercourses due to environmental 
regulation limits. Coagulants are used for neutralizing and thus precipitating the 
colloidal particles by bringing them together. Cationic polymers used as coagulants 
are called decolorants. 
There are a number of treatment processes as well as adsorbents which are available 
for the processing of this effluent dye containing water. Recently, the clay minerals 
and zeolites used as adsorbents for the removal of dyes from aqueous solutions, due 
to their low cost, being eco-friendly and having abundant resources. The addition of 
clays as a decolorizing agent to aid the coagulation during the treatment of water or 
wastewater is a well-established technology. Clays have also high specific surface 
area and are widely used for the adsorption in pollution control and water treatment. 
In recent years there have been studies for using nanocomposite polymeric materials 
as adsorbent and improving the adsorption and coagulation. Nanocomposites are 
materials that comprise a dispersion of nanometer size particles in a single or multi 
component matrix. 
In this study, dicyandiamide-formaldehyde resin (DCD-F) and its Na-
Montmorillonite (MMT) containing nanocomposites (DCD-F-MMT) were prepared 
and used as adsorbent for colored waters. The cation exchange capacity (CEC) of 
MMT, 92.6 meq/100 g was used for the production of nanocomposite resins 
containing 2%, 4% and 8% of MMT.  
DCD-F resin was synthesized by condensation polymerization. DCD-F-MMT was 
produced by addition of swelled MMT to the polymer solution by mixing vigorously 
just at the time when the polymerization reaction was terminated. The synthesized 
samples were structurally defined by performing the FTIR and TGA 
characterizations. 
The adsorption performance of nanocomposite resin was tested by using anionic 
dyes; Acid Red and Acid Yellow. Coagulation processes were applied to remove 
color from dye solutions by using jar test due to the method of ASTM D 2035 – 08.  
xviii 
UV/Visible absorption spectra of the Acid Red and Acid Yellow solutions prepared 
have been obtained between 400-700 nm wavelengths by referring to water and 507 
and 428 nm peaks have been observed in these spectra, respectively. Adsorption 
experiments have been done by colorimeter and it was adjusted for these 
wavelengths for each study. The absorption spectra of these solutions at different 
concentrations determined and linearized calibration curves were obtained. 
Adsorption kinetics were investigated according to these data. 
The adsorption capacity (qt) which is defined as the ratio of the mass of absorbed dye 
(in mg) to the mass of adsorbent (in g) was determined at certain time values for a 
certain pH, dye concentration, adsorbent mass and temperature. The adsorption 
capacity determinations were carried out with samples containing 0, 2, 4, 8 % MMT 
and it was seen that adsorption capacity increased with increasing percentage of 
MMT. The maximum adsorption capacity was obtained with the sample containing 8 
% MMT (DCD-F-MMT8%), so further experiments were carried out with DCD-F-
MMT 8% to investigate the influence of other parameters (pH, dye concentration, 
adsorbent mass and temperature) on the adsorption capacity. 
Measurements were done at different pH values showed that adsorption capacity is 
greater at lower pH values. 
Kinetic studies revealed that experimental data fitted to pseudo - second order rate 
equation. 
Adsorption thermodynamics parameters (∆G0, ∆H0, ∆S0) were obtained by applying 
the Van’t Hoff equation to the results of the experiments carried out at three different 
temperatures. 
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RENK GİDERİCİ NANOKOMPOZİT REÇİNELERİN SENTEZİ, 
KARAKTERİZASYONU VE ADSORPSİYON KİNETİĞİ ÇALIŞMALARI 
ÖZET 
Suda çözünür polimerler doğal veya sentetik olarak üretilmekte olup, çok geniş 
kullanım alanına sahiptirler. Özellikle gıda, tarım, seramik, kağıt ve mürekkep 
teknolojileri, patlayıcılar, tekstil ve atık su arıtma gibi pek çok endüstriyel alanda 
kullanılırlar. Suda çözünür polimerler genel olarak noniyonik ve iyonik yapılar 
olarak iki gruba ayrılırlar. Polielektrolit olarak adlandırılan iyonik polimerler 
anyonik ve katyonik olarak gruplandırılır ve kullanımları noniyoniklere göre daha 
yaygındır. Bu grupta yer alan sentetik polimerlerden; koagülantlar, sıvı ortamda 
süspansiyon oluşturmuş partikülleri gidermek için kullanılırlar. 
Suların evsel, endüstriyel, tarımsal ve diğer alanlarda kullanılmaları sonucunda 
kirlenmiş, özellikleri kısmen ya da tamamen değişmiş olan atık sulara kaybettikleri 
fiziksel, kimyasal ve bakteriyolojik özelliklerin bir kısmını ya da tamamını geri 
kazandırabilmek veya boşaldıkları ortamın doğal özelliklerini değiştirmeyecek hale 
getirmek için yapılan işlemlere “atık su arıtma” denir. Koagülantlar, atık suda 
bulunan katı partiküllerin ve kolloidal yapıların yüklerinin nötralize edilmesini, 
biraraya gelerek topaklaşma oluşturmalarını ve çökmelerini sağlayarak sudan 
uzaklaştırılmaları için kullanılırlar. Koagülantlar organik ve inorganik olarak iki 
grupta toplanırlar. Organik koagülantlar inorganik koagülantlara gore pek çok 
avantaja sahiptir: 
 Kullanım miktarları 10 kata kadar daha az olabilmektedir; 
 Çamur oluşumu daha azdır; 
 Oluşan kolloid topakları partiküller arası bağlar daha kuvvetlidir; 
 Topakların sıkıştırılabilme özelliği daha yüksektir. Bu sayede çamur 
susuzlaştırma işleminde filtrelere binen yük daha azdır.  
 pH değişimine karşı daha az hassastırlar ve geniş pH aralığında çalışabilirler; 
 Suda bakiye ağır metal bırakmazlar;  
Tekstil boyaları özellikle tekstil endüstrisinin atık suyunda renk kirliliğine neden 
olmaktadır. Bu kirliliğe en çok yıkama banyolarından gelen boya kalıntıları neden 
olmaktadır. Tekstil atık suları boyanın yanında deterjan, solvent, yağ-gres, sülfat 
bazlı bileşikler, ağır metaller, inorganik tuzlar ve elyaflar içermeleri nedeniyle 
şartlandırılması zor su karakteristiğine sahiptirler.  
Atık suyun endüstriyel alanda geri dönüşümünü ve deşarj suyu renk limit değerlerini 
sağlamak için atık sulara koagülasyon işlemi uygulanır. Koagülasyon işleminde 
organik koagülantlar inorganiklere göre daha etkin performans gösterirler. Aynı 
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zamanda her iki tür de birlikte uygulanarak performans arttırılabilir. Koagülasyon 
işlemi için renk giderici olarak da adlandırılan organik koagülantlar uygulanır.  
Disiyandiamid-Formaldehit (DCD-F) reçinesi özellikle tekstil atık sularında renk 
giderici ve çöktürücü olarak uygulanan, bir organik koagülant türüdür. Kuarternize 
edilerek katyonik yapıya sahip olan disiyandiamidik reçine aynı zamanda 
Siyanoguanidin-Formaldehit reçinesi olarak da adlandırılır. DCD-F reçinesi bir tür 
amino reçinesidir ve üre, melamin, benzoguanamin-formaldehit reçineleriyle 
benzerlik gösterir.  
Atık suda bulunan hidrofobik kolloidler genellikle negatif yüklüdürler.  DCD-F 
reçinesinin atık suya uygulanmasıyla, reçinenin katyonik yapısından dolayı sudaki 
katyon sayısı artar. Katyon sayısının artışıyla, kolloid partikülleri çevreleyen,  
elektriksel çift tabakanın (zeta potansiyeli) kalınlığı azalır. Zeta potansiyeli anyonik 
kirlilikleri çevreleyerek suda stabil olarak asılı kalmalarına bununla birlikte renk, 
bulanıklık, askıda katı madde gibi parametrelerin yüksek değerlerde çıkmasına neden 
olurlar. Bu elektriksel potansiyel yeterince azaltılarak ya da tamamen ortadan 
kaldırılarak partiküllerin hareketi ve birbirine tutunumları sağlanır. Bu noktada Van 
der Waals’ kuvvetlerinin etkisi ve yüzey adsorpsiyonu gerçekleşir. Kararlılığı 
bozulmuş olan partiküllerin birbirine tutununarak topaklar oluşturması ve çökmeleri 
sağlanmış olur. Bu yük nötralizasyonu işlemi tersinirdir. Katyonik reçine gerekenden 
çok fazla uygulanmaya devam ettirilirse katyon limit konsantrasyonu değeri aşılır ve 
su tekrar kararlı hale geçer. Oluşan yeni iyonik dengesizliğin sonucu yeni bir 
elektriksel tabaka oluşur. Arıtma uygulamalarında koagülasyon sonrası oluşan 
topakların daha büyük partiküller halinde bir araya gelerek daha hızlı çökmelerini 
sağlamak için yüksek molekül ağırlıklı, anyonik, poliakrilamid bazlı flokülantlar 
kullanılır. Flokülantlar aynı zamanda limit konsantrasyonunu aşan katyon 
değerliklerini nötralize etmeye de yardımcıdır. 
Renkli deşarj sularının arıtılması için adsorbanların kullanımı gibi çok çeşitli sayıda 
arıtım teknikleri mevcuttur. Kil mineralleri ve zeolitler doğal yoldan elde edilen, 
düşük maliyetli, çevre dostu ve zengin kaynakları bulunan adsorbanlar olmaları 
nedeniyle sulu çözeltilerde renk giderimi için kullanılırlar.  Koagülasyona yardımcı 
ve renk giderici olarak killerin atıksu arıtımında uygulanması etkin bir teknolojidir. 
Nanokiller geniş, spesifik yüzey alanına sahip olmaları nedeniyle de kirlilik kontrolü 
ve atıksu arıtımında adsorpsiyon işlemi için kullanılırlar. 
Son yıllarda, adsorpsiyon ve koagülasyon işlemlerinin etkinliğini arttırmak için 
adsorban olarak polimerik nanokompozit malzemelerin kullanımına ilişkin 
çalışmalar mevcuttur. Nanokompozitler, nanometre boyutundaki partiküllerin tekli 
ya da çoklu bileşen matriksinde dağılımıyla oluşan malzemelerdir. Polimerik 
nanokompozit hazırlama teknikleri olarak genellikle çözeltide dağılım, in-situ 
polimerizasyonu veya eriyik ekleme metotları kullanılır. 
Fizikokimyasal arıtma teknikleri arasında adsorpsiyon prosesi su ve atık su arıtma 
işlemlerinde yüksek uygulanma potansiyeline sahip, en etkili yöntemlerden biridir. 
Adsorpsiyon işlemi, toksik maddelere karşı duyarlı olmamaları, tasarım ve işletmede 
esneklik sağlamaları ve zararlı organik maddeleri uzaklaştırmadaki etkinlikleri 
nedeniyle boyar  madde uzaklaştırılması için en verimli yöntemdir. İlk aşamada 
kirletici, çözelti içinden katı yüzeyine taşınır, ikinci aşamada kirletici, yüzeyin 
gözenekleri içindeki bağlanma noktalarına gelir, son aşamada ise adsorpsiyon yani 
tutunma gerçekleşir. Renk giderimi, adsorpsiyon ve iyon değişimi olmak üzere iki 
mekanizmanın sonucudur. Boya adsorban etkileşimi, sıcaklık, pH, adsorban yüzey 
alanı, tanecik büyüklüğü gibi fizikokimyasal parametreler bu mekanizmayı etkiler. 
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Adsorbanın adsorbent üzerinde tutunması Van der Waals’ çekimi ile, sıvının 
adsorbana doğru elektriksel çekimi ile veya kimyasal olarak gerçekleşir. Farklı 
bağlardan kaynaklandıkları için adsorpsiyon kendi içinde fiziksel, kimyasal ve 
değişim (elektrostatik) olmak üzere üç gruba ayrılır. 
Adsorpsiyon çalışmaları matematiksel modellerle ifade edilir ve değerlendirilir. 
Adsorpsiyon kinetiği çalışmaları, etkin adsorban-adsorplanan temas süresinin 
bulunmasına imkan vermesinin yanı sıra, adsorpsiyon hızının adsorpsiyonun hangi 
basamağı tarafından belirlendiğini açıklar. Adsorpsiyon sırasındaki entalpi değişimi, 
entropi değişim, serbest enerji değişimi ve denge sabiti belirlenerek adsorpsiyon 
olayı termodinamik olarak incelenebilir. 
Bu çalışmada, disiyandiamid-formaldehit (DCD-F) reçinesi ve bu reçinenin Na-
Montmorillonit (MMT) içeren nanokompozitleri (DCD-F-MMT)  hazırlanmış ve 
sentetik anyonik boyar maddelerin sulu çözeltisinde adsorban olarak 
kullanılmışlardır. Katyon değiştirme kapasitesi (KDK) 92,6 meşdeğer/100 g olan 
MMT, nanokompozitlerin hazırlanmasında %2, %4 ve %8 oranlarında kullanılmıştır. 
DCD-F reçinesi ve nanokompozitleri kondenzasyon polimerizasyonu yöntemiyle 
hazırlanmıştır. Nanokompozitlerin hazırlanmasında, reçineden farklı olarak su 
kullanılarak şişirilmiş MMT, reaksiyon sonunda polimer çözeltisine eklenerek 
yüksek devirde karıştırılmıştır. Sentezlenen örneklerin yapısı FTIR ve TGA 
analizleriyle incelenmiştir. 
Reçinelerin adsorpsiyon performansları anyonik boyalar (Asit Kırmızı ve Asit Sarı) 
kullanılarak test edilmiştir. Renk giderimi için koagülasyon işlemi ASTM D 2035 – 
08 metoduna göre jar test kullanılarak yapılmıştır. 
Asit Kırmızı ve Asit Sarı anyonik boyalarının farklı konsantrasyonlardaki sulu 
çözeltilerinin maksimum absorpsiyon yaptığı dalga boyunu saptamak üzere, suyu 
referans alarak 400-700 nm dalgaboyu aralığında absorpsiyon spektrumları 
alınmıştır. Sulu çözeltilerin farklı konsantrasyonlarda UV-Visible 
spektrofotometreyle yapılan ölçümlerden elde edilen sonuçlara göre maksimum 
absorbans veren dalga boyları Asit Kırmızısı için 507 nm ve Asit Sarı içinse 428 
nm’dir. Adsorpsiyon deneyleri, her bir çalışma için kendi dalga boylarında 
kolorimetre cihazıyla yapılmış ve doğrusal kalibrasyon eğrileri, doğru denklemleri ve 
korelasyon faktörleri elde edilmiştir. Bulunan verilere göre adsorpsiyon kinetikleri 
incelenmiştir. 
Adsorban üzerinde adsorplanan boya kütlesinin (mg), adsorban kütlesine (g) oranı 
olarak tanımlanan adsorpsiyon kapasitesi (qt) belirli pH, boya konsantrasyonu, 
adsorban kütlesi ve sıcaklığın zamana göre değişimiyle incelenmiştir. Adsorpsiyon 
kapasitesi % 0, 2, 4,  ve 8 oranlarında MMT içeren örnekler kullanılarak belirlenmiş 
ve adsorpsiyon kapasitesinin artan kil miktarıyla arttığı gözlemlenmiştir. En yüksek 
adsorpsiyon % 8 MMT içeren DCD-F-MMT 8% örneğiyle elde edilmiştir ve bundan 
sonraki deneyler diğer parametrelerin(pH, boya konsantrasyonu, adsorban kütlesi ve 
sıcaklık) adsorpsiyon kapasitesine etkilerini incelemek üzere DCD-F-MMT8% ile 
devam ettirilmiştir. 
Farklı pH’larda yapılan ölçümlerle, adsorpsiyon kapasitesinin pH değeri düştükçe 
arttığı gözlemlenmiştir. Kinetik çalışmalarından elde edilen veriler yalancı ikinci 
dereceden hız denklemlerine uymuştur.  
Üç farklı sıcaklıkta gerçekleştirilen deney verileri Van’t Hoff denklemine 
uygulanarak adsorpsiyon termodinamiği parametreleri (∆G0, ∆H0, ∆S0) elde 
edilmiştir. 
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1. INTRODUCTION 
Over the last few decades, the world has become increasingly sensitive towards the 
protection of the environment. Industrial, agricultural, and domestic activities of 
humans have affected the environmental system, resulting in drastic problems such 
as global warming and the generation of wastewater containing high levels of 
pollutants. As water of good quality is a precious commodity and available in limited 
amounts, it has become highly imperative to treat wastewater for removal of 
pollutants [1]. It is becoming increasingly apparent that fresh water is a valuable 
resource that must be protected through proper management, conservation, and use. 
Although two-thirds of the Earth's surface is covered by water, most of it is seawater, 
which is not readily usable for most needs. All fresh water comes from rainfall, 
which percolates into the soil or runs off into rivers and streams. In order to ensure 
an adequate supply of high quality water for industrial use, the following practices 
must be implemented: 
 purification and conditioning prior to consumer (potable) or industrial use 
 conservation (and reuse where possible) 
 wastewater treatment 
Both groundwater and surface waters can become polluted as a result of the improper 
management of wastes. Because of the increasing demands for fresh water, there is a 
continuing need to share resources. Regulations will require the increasing treatment 
of all domestic and industrial wastewaters in order to remove industrial and priority 
pollutants and restore the effluent water to the quality required by the next user. 
Facilities that treat domestic waste must also control the more conventional 
pollutants, such as BOD (biological oxygen demand), color, ammonia, nitrates and 
restore the pH if it is out of the neutral zone.  
Environmental regulations establish quality criteria for both industrial and domestic 
waste treatment discharges. Although some countries have more comprehensive laws 
and permit regulations than others, stringent pollution control standards will probably 
be adopted globally in the coming years [2].  
2 
Wastewater from textile dyeing and finishing factories is a significant source of 
environmental pollution [3]. Textile industry is one of the most complicated 
manufacturing industries, because of its fragmented and heterogeneous character. 
The main environmental impacts of textile chain come from the so called “wet 
process” of the textile finishing industry. The effluent from textile processing is often 
discharged into a municipal sewage treatment plant or directly into water ways [4]. 
Textile wastewater may include many types of dyes, detergents, insecticides, 
pesticides, grease and oils, sulphate containing compounds, solvents, heavy metals, 
inorganic salts and fibers, in amounts depending on the processing regime [5]. 
Color removal of effluent from the textile dyeing and finishing operation is 
becoming important because of aesthetic as well as environment concerns [6]. 
Textile dye wastewater is well known to contain strong color, high pH, temperature, 
COD and low biodegradability, especially the effluent from dyeing stages of the 
dyeing and finishing process. The removal of dyes(color) is therefore a challenge to 
both the textile industry and wastewater treatment facilities [7].  
There are various techniques to purify water, depending on the pollutant content of 
the water. The current commercial and experimental methods for decolorizing 
wastewater are include carbon adsorption, dye reduction, ozonations, electrochemical 
techniques, chemical pretreatments, aerobic and anaerobic treatments, and powdered 
activated carbon sludge system. These removal methods differ in levels of 
efficiencies and their performances depend on the types of colorants to be removed. 
Colorants typically have either a negative or neutral electric charge and are water 
soluble. In contrast, pigments are water insoluble and are exemplified by the coloring 
agents suspended in paint and ink. The difficulty in decolorizing colorants in 
wastewater is primarily due to their extreme stability. Some of the techniques are 
expensive and do not reduce the colorant content of wastewater unless added in very 
substantial quantities or has only effective with limited classes of dyes. Thus, a need 
remains for the decolorization technique that allows for the efficient removal of a 
wide range of colorants over relatively short time periods and does not require costly 
steps [8, 9]. 
The colorants can be removed from wastewater by adding to the wastewater a 
cationic polymer in an amount sufficient to form a cationic polymer. Cationic 
polymers are used extensively in wastewater treatment as flocculants, coagulants and 
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as dewatering aids in many processes. Polyamides which are used as organic 
coagulants can be divided into dicyandiamide/formaldehyde types, 
epichlorohydrin/amine types and dicyandiamide/amine types [8].  
For the synthetic wastewater, the use of inorganic coagulant (1 g/L) alone achieved 
only 20% of color removal or less. Addition of dicyandiamide/formaldehyde 
polymer improved the decolorization i.e. almost 100% of color removal was 
obtained. For the real wastewater, alum/polymer and ferric salt/polymer 
combinations improved color removal by up to 60% and 40%, respectively [10]. 
They can be used in combinations with inorganic coagulants such as polyaluminium 
chloride, ferric chloride and anionic polymers such as anionic PAM (polyacrylamide) 
to optimize the results like increasing the efficiency, reducing the cost.  
There is huge number of treatment processes as well as adsorbent that are available 
for the processing of this effluent water-containing dye content. Most recently, the 
clay minerals and zeolites were researced to be unconventional adsorbents for the 
removal of dyes from aqueous solutions due to their low cost, eco-friendly and 
abundant resources [11]. The addition of clays as an aid to flocculation/coagulation 
during the treatment of wastewater is well-established technology. It can be reduced 
the need for soluble flocculants and has the advantage of being non-toxic [12,13].   
Nanomaterials have been the focus of much research during the past few decades. 
Nanoclays are natural environment-friendly materials with high specific surface area 
and now widely used for the adsorption and removal of the organic pollutants. The 
most-used clays as nano-adsorbents are montmorillonite/smectite group and kaolinite 
group clays [14,15]. Montmorillonite is a crystalline hydrous phyllosilicate (layer 
silicate). These organic–inorganic hybrid materials show superior mechanical, 
thermal, gas-barrier and adsorption properties. Nanoclays are also useful in pollution 
control and water treatment, especially effective at adsorbing phenolic compounds, 
color from effluents and phosphate from water and wastewater [14]. 
In this study, coagulation process was examined in synthetic dye solutions. A water 
soluble, nanocomposite, cationic polymeric coagulant was synthesized from 
Dicyandiamide, Formaldehyde and Montmorillonite under acidic conditions, as 
decolorant for the color removal problem of textile wastewaters. 
Dicyandiamide/Formaldehyde resin was synthesized without nanoclay and with 
different percents of nanoclay as 2%, 4%, 8%. Adsorption kinetics of the 
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nanocomposite polymer were determined onto two kind of anionic dyes at different 
conditions such as, dye concentration, pH, temperature and amount of adsorbent 
[10]. 
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2. THEORETICAL PART 
2.1 Water Soluble Polymers 
Water soluble polymers are widely used in a broad range of industrial products and 
processes including, foods, pharmaceuticals, cosmetics, personal care products, 
paints and other coatings, inks, pigments, construction materials, adhesives, paper 
making, paper coating, water clarification, effluent treatment, etc. The polymers may 
be natural or synthetic with an array of molecular chemistries, structures and sizes. 
Although often present at very low concentrations they have a very significant 
influence on the overall properties of products and on product processing. They have 
a number of key functionalities, including their ability to:  
 increase the viscosity of solutions;  
 form physical gels;  
 stabilise dispersions by adsorbing onto particles and inhibiting aggregation;  
 induce particle aggregation to facilitate solid– liquid separation;  
 modify surface properties to control wetting properties and inhibit deposition;  
 solubilise hydrophobic compounds by complexation;  
 facilitate the controlled release and delivery of active compounds [16]. 
Water soluble polymers cover a wide range of highly varied families of products of 
natural or synthetic origin, and have numerous uses. Among these families, synthetic 
polymers, and more particularly coagulants and flocculants, are used mainly for 
facilitating the separation of materials in suspension in aqueous media. They also 
help to dewater sludge from various separation processes. Water soluble polymers 
are can be classified:  
 Coagulants (Quaternary polyamines, Poly DADMAC, Dicyandiamide resins) 
 Flocculants (Nonionic, Anionic, Cationic flocculants) 
 Others (Amphoteric copolymers, Branched polymers, Thickening agents) 
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2.2 Amino Resins 
An aminoresin or aminoplastic is a polymer formed by reaction of an amide or amino 
compound with formaldehyde, either as a linear low molecular mass prepolymer or 
in a subsequent crosslinked network form. Aminoresins are important commercial 
polymers, being widely used as thermosetting plastic moulding, laminating resins, in 
coating, textile finishing and dyestuff. The most important types are urea-
formaldehyde, melamine-formaldehyde, aniline-formaldehyde, benzoguanamine-
formaldehyde and dicyandiamide-formaldehyde (DCD-F) resins. The initially 
formed polymers are often condensed methylol derivatives of the amines and amides 
with methylene or/and ether methylene bridges. The prepolymer, after fabrication, 
may then be crosslinked to form a network thermoset plastic product. 
The basis raw materials for amino resins are amides not amines. There are urea 
(diamide of carbonic acid), carbamates (monoamide of carbonic amide), melamine 
(triamide of cyanuric acid), benzoguanamine (2-phenyl-4,6-diaminotriazine) and 
cyanoguanidine (dimer of cyanamide or dicyandiamide). The hydrogen atoms of 
amides are reactive, if there is an influence of the neighbouring double bond. Among 
other reactions they are able to add formaldehyde forming methylol compounds. 
Methylol compounds are also reactive. With other amide hydrogen atoms methylols 
from methylene bridges, two methylols react which each other forming a 
dimethylene ether bridge. All reactions take place by splitting off one molecule of 
water [17, 18]. 
2.3 Dicyandiamide-Formaldehyde Resin 
Dicyandiamide-Formaldehyde is an organic coagulant which is especially used for 
decolorization and coagulation (precipitation) processes in wastewater treatment 
systems such as textile effluents. It is a type of resins that is constituted by 
dicyandiamidic resin. Cyanamide is obtained by high temperature decomposition of 
calcium cyanamide in acid solution. Dicyandiamide is produced by dimerization of 
cyanamide as in Figure 2.1. It is also called as cyanoguanidine. Dicyandiamide reacts 
with formaldehyde to form a resin similar to phenol, urea and melamine resins, 
which are known as addition-condensation type resins. The application effciency of 
resin is also important and it can be improved by increasing the polymer viscosity. 
The resin is synthesized from dicyandiamide and formaldehyde under acidic 
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conditions and the degree of polymerization was highly dependent on the molar ratio 
of reactants, reaction temperature, reaction time, and acid concentration. 
 
Figure 2.1 : Formation of dicyandiamide (DCD). 
The resin is synthesized from dicyandiamide and formaldehyde under acidic 
conditions and the degree of polymerization was highly dependent on the molar ratio 
of reactants, reaction temperature, reaction time, and acid concentration. 
Inappropriate conditions often lead to gelation or solidification that causes poor 
coagulation. The resin is widely used as a processing agent for paints, papers and 
textiles and coagulant for wastewater treatment. The coagulation of anionic colloidal 
particles by dicyandiamide-formaldehyde resin has been explained to be due caused 
by neutralization of surface charge with cations of resin [10, 19]. 
 
 
Figure 2.2 : Reaction of DCD-Formaldehyde resin. 
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2.3.1 Qualitative and quantitative analysis methods of DCD-Formaldehyde 
 Qualitative Methods: 
The most important method is IR-Spectroscopy. 
The second method is solubility of DCD-F resin in water. The resin can easily 
dissolve without need of rapid agitation. If the white precipitation occurs after dosing 
of resin to the water, it shows that there is too much residual dicyandiamide which is 
not polymerized with formaldehyde. 
 Quantitative Methods: 
Gravimetrical Analysis: The resin is weighed precisely and dried in drying-oven for 
2 hours at 105°C degree. After this period it is weighed again and percent of the 
nonvolatile solid content is calculated. Its solid content should be 50 % in liquid.  
Viscosity: The viscosity range of the liquid resin can be between 50 and 200 cPs. 
2.3.2 Coagulation properties of DCD-Formaldehyde 
Chemical addition is typically used with clarification to improve both the utility and 
performance of the unit operation. Coagulants and flocculants are generally used to 
improve the ability to settle particles in the clarifier. Dicyandiamide-Formaldehyde 
resin is a cationic polymer that can be charge neutralize the net negative charge of 
suspended particles in water. Charge neutralization of the net negative charge on 
particles allows the particles to move together in anticipation of creating larger 
particles that settle faster [20].  
2.3.3 Charge neutralization 
In aqueous media, hydrophobic colloidal particles are generally negatively charged. 
The increase in the DCD-F content of the solution increases the number of cations 
and reduces the zeta potential and therefore the thickness of the double layer which 
surrounds the colloidal particle. When the electrical protection of the particles has 
been removed or sufficiently reduced, the moving particles can collide with each 
other due to the momentum of Brownian motion, the movement of the fluid in which 
they are contained and the relative movement of the particles by sedimentation. The 
Van der Waals’ forces and the surface adsorption phenomena then become dominant 
again. Since the particle can bond together, the suspension is destabilized. This 
charge neutralization mechanism is reversible. There is a limiting cation 
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concentration that allows destabilization to occur. Above this critical concentration, 
if cations continue to be added, a new ionic imbalance between the particle and the 
solution may be created, leading to the formation of a new double layer and to the 
restabilization of the suspension. 
2.3.4 Suspension destabilization by coagulation 
Coagulation is the destabilization of a colloidal suspension using products with a 
high ionic charge density. Two types of mechanisms may occur. In a first type, the 
cations are added to the colloidal suspension in an amount just equal to neutralize the 
negative charges. Coagulation occurs directly by charge neutralization. This type of 
coagulation is extensively used in the treatment of potable water with iron or 
aluminium cations. A second type of coagulation is achieved using polymers of Low 
Molecular Weight (LMW = 20,000 to 1 million) with a high cationic charge such as 
DCD polymers. When this type of polymer is in contact with anionic particles, its 
chains may be entirely adsorbed onto part of the surface of the colloidal particles 
thus forming regions of a cationic nature. 
 
Figure 2.3 : Coagulation using with DCD-F polymer chains [21]. 
This adsorption of oppositely charged ions reduces the surface potential and the 
protection of the particles. Having become true dipoles, these particles are attracted 
to each other and collide with each other. The Van der Waals’ forces then come into 
play, binding the two particles and destabilizing the suspension. Coagulation by this 
type of mechanism generally has higher degrees of aggregation than those of the 
simple electrical neutralization mechanism. 
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2.3.5 Coagulation testing 
Raw water analyses alone are not very useful in predicting coagulation conditions. 
Coagulation chemicals and appropriate feed rates must be selected according to 
operating experience with given raw water or by simulation of the clarification step 
on a laboratory scale. Jar testing is the most effective way to simulate clarification 
chemistry and operation. A multiple-paddle, beaker arrangement permits the 
comparison of various chemical combinations, all of which are subjected to identical 
hydraulic conditions. The effects of rapid and slow mix intensity and duration may 
also be observed. 
The general procedure for the evaluation of a treatment to reduce dissolved, 
suspended, colloidal, and nonsettleable matter from water by chemical coagulation-
flocculation, followed by gravity settling. The procedure may be used to evaluate 
color, turbidity, and hardness reduction. The coagulation-flocculation test is carried 
out to determine the chemicals, dosages, and conditions required to achieve optimum 
results. This test permits the evaluation of various coagulants and coagulant aids used 
in the treatment of water and wastewater for the same water and the same 
experimental conditions. The effects of concentration of the coagulants and 
coagulant aids and their order of addition can also be evaluated by jar test. The 
lowest dose of chemicals and pH that produce the desired flocs and clarity represents 
the optimum. This optimum is then used as the dose in the actual operation of the 
plant. Results of jar tests are only relative, and frequent adjustments are necessary in 
full-scale plant operation [22, 23, and 24]. 
2.4 Advantages of Organic Coagulants 
Well known for their higher unit cost than inorganic substances, organic polymers 
prove, in many cases, to be more economical to use than inorganic substances 
because of their following specific advantages: 
 The amounts are generally 10 times lower than those of inorganic substances; 
 They do not increase the amounts of solid matter to be removed and therefore  
help to minimize the cost of treating the residual sludge; 
 The flocs obtained using inorganic coagulants are not very compressible. They 
therefore take up more space on the filter and rapidly increase the head loss;  
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 Organic polymers are less sensitive to pH variations and can therefore be used 
for treating a greater variety of water types; 
 The flocs obtained using organic polymers have a higher shear strength than 
those formed using inorganic substances, inter-particle bridging resulting from 
stronger elastic bonding; 
 Organic polymers help to reduce the amount of trivalent salts dissolved in the 
water (in particular, there is a fear of aluminium because of Alzheimer’s disease); 
 Synthetic polymers can be used together with inorganic substances, the organic 
polymers mechanically reinforcing the structure formed by the inorganic 
substance. 
2.5 Wastewater of Textile Industry 
The textile industry represents an important economical sector around the world. The 
increased demand for textile products over the last decades caused a proportional 
increase in the production of wastewater. Textile wastewater is a mixture of many 
different chemical compounds which can be roughly classified into easily 
biodegradable, heavily biodegradable and non-biodegradable compounds. Typically, 
textile wastewaters have biological oxygen demand/chemical oxygen demand 
(BOD/COD), a substantial proportion of which is represented by substances present 
in a highly emulsified and/or soluble form. The organic polluting load can further be 
also highly colored. Dyes are formulated to produce colors that are resistant to 
washing, light exposure, oxidizing and reducing agents. This makes them highly 
recalcitrant in conventional wastewater treatment processes.  
The release of colored compounds into water bodies is undesirable, not only because 
they reduce the transparency of water, which may drastically affect photosynthesis of 
aquatic plants, but also because many dyes and their degradation products are 
cancinocegic [25, 26, 27].  
Wastewater in textile finishing mainly originates from four sectors: 
1. Pre-treatment (washing, desizing, scouring, bleaching, mercerizing, boiling off) 
2. Dyeing (continuous, semi-continuous, discontinuous) 
3. Printing 
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4. Finishing 
In order to reduce their polluting charge, wastewaters can be treated by physical, 
chemical or biological methods.  
Wastewater recycling can lead to significant savings in water, chemicals and energy 
and reduce the amount of waste discharged into the environment.  
Table 2.1 : Major wastewater treatment techniques [25]. 
Methods Processes Examples of use 
Physico-mechanical Sedimentation High density solids 
Filtration Low density solids 
Ultrafiltration Highly molecular compounds, salts 
Evaporation Highly boiling compounds, salts 
Physico-chemical Adsorption Adsorbable organics 
Chemical Ionic Exchange Heavy metals 
Coagulation, 
Flocculation 
Preciptable or coagulatable compounds 
Oxidation Heavily biodegradable compounds 
Biological Anaerobe Highly loaded organic wastewater 
Aerobe Lower loaded wastewater 
2.6 Color Removal 
Frequently, the objective of clarification is the reduction of color. Color-causing 
materials can cause various problems, such as objectionable taste, increased 
microbiological content, fouling of anion exchange resins, and interference with 
coagulation and stabilization of silt, soluble iron, and manganese. 
Most organic colors are colloidal and negatively charged. Color can be removed by 
chlorination and coagulation with aluminum or iron salts or organic polyelectrolytes. 
Chlorine oxidizes color compounds, while the inorganic coagulants can physically 
remove many types of organic color by neutralization of surface charges. The use of 
chlorine to oxidize organic color bodies may be limited due to the production of 
chlorinated organic by-products, such as trihalomethanes. Additional color removal 
is achieved by chemical interaction with inorganic or/and highly charged cationic 
organic polyelectrolytes [11]. 
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The selection of an effective chemical program for the removal of color from water, 
is accomplished by jar testing. The floc produced from coagulated organic matter is 
fragile, and the jar test device must be operated in a manner that duplicates mixing 
energy and flocculation shear corresponding to full-scale equipment [29]. The 
removal of the dyes was followed by absorbance measurements. The evolution of 
solutions color was calculated from the initial dye concentration and dye 
concentrations at time t (ci and ct respectively) by measuring the absorbance at the 
visible maximum dye absorption wavelength with a colorimeter [30]. 
Color is usually associated with naturally occurring tannins and lignins and is 
measured by a visual comparator procedure against platinum cobalt color standards 
or using color meters. These standards are solutions prepared from platinum and 
cobalt salts and are the bases for the American Public Health Association (APHA) 
color scale. Color is reported in APHA color units [31]. 
2.6.1 Factors affecting color removal 
Research has shown that the efficiency of biological treatment systems is greatly 
influenced by the operational parameters. The level of aeration, temperature, pH and 
redox potential of the system must be optimised to produce the maximum rate of dye 
reduction. The concentrations of the electron donor and the redox mediator must be 
balanced with the amount of biomass in the system and the quantity of dye present in 
the wastewater.  
The ability of the bacterial cells to reduce dyes from a range of dye classes (acid, 
basic, direct, disperse, metal-complex, reactive, sulphur and vat) must be tested to 
determine the types of wastewater that can be treated by the system. The composition 
of textile wastewater is varied and can include organics, nutrients, salts, sulphur 
compounds and toxicants as well as the color [32]. Any of these compounds may 
have an inhibitory effect on the dye reduction process. The effect of each of the 
factors on the color removal process must be investigated before the biological 
system can be used to treat industrial wastewater. 
2.6.2 Dye structure 
Dyes with simple structures and low molecular weights exhibit higher rates of color 
removal, whereas color removal is more difficult with highly substituted, high 
molecular weight dyes [33]. In the case of the terminal non-enzymatic reduction 
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mechanism, reduction rates are influenced by changes in electron density in the 
region of the azo group. The substitution of electron withdrawing groups (–SO3H, –
SO2NH2) in the para position of the phenyl ring, relative to the azo bond, causes an 
increase in the reduction rate [34]. The azo compounds with a hydroxyl group or 
with an amino group are more likely to be degraded than are those with a methyl, 
methoxy, sulpho or nitro groups [35]. Color removal is also related to the number of 
azo bonds in the dye molecule. The color of monoazo dyes is removed faster than is 
the color of diazo or triazo dyes and the turnover rate of monoazo dyes increased 
with increasing dye concentration, whereas the turnover rate of the diazo dyes and of 
the triazo dyes remained constant as the dye concentration increased [36].  
A number a researchers have correlated the level of color removal with the dye class 
rather than with the molecular features;  
a) acid dyes exhibit low color removal due to the number of sulphonate groups 
in the dye,  
b) direct dyes exhibit high levels of color removal that is independent of the 
number of sulphonate groups in the dye and  
c) reactive dyes exhibit low levels of color removal [37, 38].  
2.6.3 Decolorization methods 
The discharge of colored effluents, though less toxic is presented by the public on the 
assumption that color is an indication of pollution. The color of water, polluted with 
organic colorants, reduces when the cleavage of the –C=C– bonds, the –N=N– bonds 
and heterocyclic and aromatic rings occurs. The absorption of light by the associated 
molecules shifts from the visible to the ultraviolet or infrared region of the 
electromagnetic spectrum [39]. There are about 12 classes of chromogenic groups, 
the most common being the azo type, which makes up to 60–70% of all textile and 
tannery dyestuff produced [40], followed by the anthraquinone type [41].  A dye 
house effluent typically contains 0.6–0.8 g dye/L [42].  Hence, color and dye 
removal, in particular, has recently become an area of major scientific interest, as 
indicated by the multitude of related research reports. Wastewater treatment using 
physical; adsorption, irradiation, ion exchange, chemical; oxidation, Fenton’s 
reagent, ozonation, sodium hypochlorite and biological or combinations of these 
methods are well established for color removal.  
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2.6.4 Using Adsorbents for Decolorization 
Among the physico chemical processes, adsorption technology is considered to be 
one the most effective and proven technology having potential application in both 
water and waste water treatment. Adsorption is a rapid phenomenon of passive 
sequestration and separation of adsorbate from aqueous/gaseous phase on to solid 
phase.  
Adsorption techniques have gained favour recently due to their efficiency in the 
removal of pollutants to stable compounds for conventional methods. Adsorption is 
an economically feasible process that produces a high quality product [43, 44]. 
Decoloration is a result of two mechanisms adsorption and ion exchange [45] and is 
influenced by many physico chemical factors such as dye/sorbent interaction, sorbent 
surface area, particle size, temperature, pH, and contact time [46].  
Adsorbents, which contain amino nitrogen, such as chitin, tend to have a 
significantly larger adsorption capacity in acid dyes. There have been many 
examples of low cost adsorbents made from waste materials, for removal of dye and 
colored organic matter from aqueous media that are of low cost [47].  
2.7 Clay Minerals 
Clay is the material of many kinds of ceramics, such as porcelain, bricks and tiles as 
well as an essential constituent of plastics, paints, paper, rubber, and cosmetics. Clay 
is non-polluting and can be used as a depolluting agent. Of great importance for the 
near future is the potential of some clays to be dispersed as nanometre-size unit 
particles in a polymer phase, forming novel nano-composite materials with superior 
thermo-mechanical properties [48].  
Clay is a widely distributed, abundant mineral resource of major industrial 
importance for an enormous variety of uses [49]. Clay minerals are a common 
constituent of hydrothermal deposits and ocur abundantly in all types of sediments 
and sedimentary rocks, perhaps comprise as much as 40% of the minerals.  
The fine grained clay minerals are built up of tetrahedrally (T) (Si, Al, Fe
3+
) and 
octahedrally (M) (Al, Fe
3+
, Fe
2+
, Mg) coordinated cations organised to form either 
sheets or chains. Naturally occurring inexpensive clay materials may be found in all 
countries and have innumerable applications in our daily life [50]. 
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2.7.1 Clay mineral properties 
All clay minerals are hydrous [51]. The clay mineral properties are very complex and 
are dependent on environmental conditions. The complexity arises from the 
occurrence of different species as well as various modifications of natural clays. 
Table 2.2 : Distinction between clay and clay mineral [48]. 
Clay  Clay mineral 
Natural Natural and synthetic 
Fine grained (<2 μm or <4 μm) No size criterion 
Phyllosilicates as principal constituents May include non-phyllosilicates 
Plastic
  
(With some exceptions like flint clays) 
Plastic 
Hardens on drying or firing Hardens on drying or firing 
Clay minerals are characterised by certain properties [48], including  
1. A layer structure with one dimension in the nanometre range; the thickness of the 
1:1 (TM) layer is about 0.7 nm, and that of the 2:1 (TMT) layer is about 1 nm, 
2. The anisotropy of the layers or particles, 
3. The existence of types: external (planar) and internal (interlayer) surfaces [52], 
4. The ease with which the external, and often also the internal, surface can be 
modified (by adsorption, ion exchange, or grafting), 
5. Plasticity, and hardening on drying or firing; this applies to most of the clay 
minerals. 
Clay minerals belong to the phyllosilicates. The basic structural units in layer 
silicates are two-dimensional arrays of silicon-oxygen tetrahedra and two-
dimensional arrays of aluminium- or magnesium-oxygen-hydroxyl octahedra. The 
former unit is called the tetrahedral sheet (T) or the silica sheet. The brucite or 
gibbsite sheets consist of two planes of hydroxyl ions between which lies a plane of 
magnesium or aluminium ions which is octahedrally coordinated by the hydroxyls. 
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This latter unit is known as the octahedral sheet (M). The combination of sheets 
forms a layer [51, 53]. The structures of phyllosilicates are all based on a T and a M 
sheet that may condense in either a 1:1 or 2:1 proportion to form an anisotropic TM 
or TMT layer. The layers or sheets may be negatively charged as for the majority of 
clay minerals, positively charged, or essentially uncharged as in talc.  
 
Figure 2.4 : Polymer-clay composites (a); intercalated polymer clay (b); and 
exfoliated polymer clay nanocomposite (c) [28]. 
2.7.1.1 Subdivision of layer lattice silicates 
The major subdivision of the layer lattice silicates (Figure 2.5) [54] is based on the 
type of combinations of the tetrahedral and octahedral sheets. The analogous 
symmetry and the almost identical dimensions in the tetrahedral and the octahedral 
sheets allow the sharing of oxygen atoms between these sheets. The fourth oxygen 
atom protruding from the tetrahedral sheet is shared by the octahedral sheet. This 
sharing of atoms may occur between one silica and one alumina sheet, as in the so-
called 1: 1 layer minerals. In the 2: 1 layer minerals, one alumina or magnesia sheet 
shares oxygen atoms with two silica sheets, one on each side. This combination of an 
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octahedral sheet and one or two tetrahedral sheets is called a layer. The layer charge 
density and the nature of the compensating or charge-balancing cation determine 
many important surface and colloidal properties.  
 
Figure 2.5 : Major subdivisions of layered silicates. 
2.7.2 Montmorillonite 
Montmorillonites belong to the group of layer silicates. The low layer charge (0.3-
0.6) dioctahedral minerals, which have most of their charge originating in the 
octahedral sheet, are called dioctahedral smectites or montmorillonites. The 
isomorphous substitution in montmorillonite occurs in the octahedral sheet rather 
than in the tetrahedral sheet.  
Most of the montmorillonites were formed by the alteration of volcanic material and 
basic igneous rocks and have a relatively small amount of Al substituting for Si in 
the tetrahedral sheet. Montmorillonite species belongs to dioctahedral type smectite 
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group with a layer charge ~ 0.2-0.6 (Charge per formula unit) and has hydrated 
exchangeable cations as interlayer material [48]. 
Montmorillonites have the following properties [48]: 
 particles of colloidal size, 
 high degree of layer stacking disorder, 
 high specific surface area (SSA), 
 moderate layer charge, 
 large cation exchange capacity (CEC) that is little dependent on ambient pH, 
 small pH-dependent anion exchange capacity, 
 variable interlayer separation, depending on ambient humidity, 
 propensity for intercalating extraneous substances, including organic compounds 
 and macromolecules, and 
 ability of some members to show extensive interlayer swelling in water; under 
 optimum conditions, the layers can completely dissociate. 
 
Figure 2.6 : SEM image of smectite (montmorillonite) overgrown on pore spaces 
and authigenicly-overgrown quartz grains in a sandstone [55]. 
Montmorillonite is acid leached clay, which is used as an adsorbent for 
decolorization and deodorization of vegetable and animal oils. Leaching of the clay 
increases its SSA and the pore volume to improve its adsorption capacity for metallic 
impurities, phosphatides, oxidation products and pigmentary substance in oils [56, 
57]. The acidity of the montmorillonite clay arises from H
+
 in the surface exchange 
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sites. Acid leaching increases the relative SiO2 content and as a result the depletion 
of cations from the interlayers and octahedral sheets of the montmorillonite [58, 59]. 
Dissolution of the montmorillonite usually starts by leaching of the octahedral layer 
from the edge of the particles and the hexagonal cavities [60]. Montmorillonites 
swell in water, and the extent of the swelling is influenced by the hydration of the 
interlayer cations. The large internal surface area of montmorillonite provides most 
of the adsorption surface. In addition, the external surface area of montmorillonite is 
generally greater than that of other clay minerals, due to its small particle size.  
The most important chemical properties of montmorillonites include high values of 
CEC, ion selectivity and molecular sorption. The main physical properties of 
montmorillonites are expansion and collapse, retention of large quantities of water, 
high cohesion and adhesion, small particle size and an extremely large SSA [61]. 
Montmorillonites, activated in acids, yield products with a highly amorphous SiO2 
[59] content and a new microstructure with pores that have greater adsorption 
properties [62]. Their reactivity is mainly controlled by their large internal SSA, the 
mean specific charge, and the nature of the interlayer-exchangeable cations [63, 64]. 
Clays are used as catalysts in many organic syntheses. Montmorillonite is the most 
important clay mineral for these uses. Montmorillonites are one of the most 
commonly used clay mineral in industrial applications. Montmorillonite remains the 
most difficult mineral to crystallise in high purity. This may be due, at least in part, 
to its low magnesium content. Montmorillonites are good adsorbents, and may be 
recommended for the treatment of pesticide poisoning [48, 65, 70-72]. 
2.7.3 Polymer nanocomposites  
A composite material is made by combining two or more materials to give a unique 
combination of properties. Nanocomposites technology is a newly developed field, in 
which nanofillers are added to a polymer to reinforce and provide novel 
characteristics. Nanocomposite technology is applicable to a wide range of polymers 
from thermoplastics and thermosets to elastomers [66]. 
2.7.3.1 Polymer nanocomposite preparation and synthesis  
The process of synthesis of polymer/clay nanocomposites involves the uniform 
dispersion of agglomerates of clay particles within a polymeric matrix. Ultimately, 
the nanocomposites would incorporate smaller intercalated clay particles, fully 
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exfoliated individual clay platelets, or a mixed intercalated/exfoliated system. In 
order to qualify as a nanocomposite, this exhibits useful mechanical, barrier, 
electrical, thermal, and other properties [64].  
Colloid and surface chemistry play important roles in the synthesis of polymer-clay 
nanocomposites. Dispersion of clay layers in polymers is hindered by the inherent 
tendency to form face-to-face stacks in agglomerated tactoids due to high interlayer 
cohesive energy. There is a growing interest in the surface chemistry of clays in 
pursuit of nanocomposite synthesis using specific monomers, prepolymers and 
polymer melts. Polymers and silicates do not necessarily form a nanocomposite: the 
compatibility between the two phases is important [65]. The best performance of 
polymeric nanocomposites is achieved when the nanofiller is dispersed in the 
polymer matrix without any agglomeration. Currently, numerous procedures fort he 
preparation of polymeric nanocomposites have been proposed using the following 
approaches:  
i. solution dispersion 
ii. in-situ polymerization 
iii. melt intercalation [64,67]. 
2.7.4 Clay-water interactions 
The chemical and physical properties of clay minerals are integrally linked to some 
aspect of how water interacts with the clay surface. Many of the interesting features 
of clay–water interactions are observable at the macroscopic level, including such 
properties as shrink–swell phenomena, water sorption, plasticity and catalysis [55]. 
Smectites can sorb up to half of their mass with water. The water sorption behaviour 
is strongly dependent on the nature of the exchangeable cation [68]. Smectites are 
nano-materials. The elementary platelets are a few tenths to a few hundreds of 
nanometres wide and long and 0.96-1.50 nm thick, the exact thickness depending on 
the number of adsorbed water layers. The elementary platelets carry a negative 
charge, due to isomorphous substitution. The corresponding charge-neutralising and 
exchangeable cations together with one or two water layers are located in the 
interlamellar space between the elementary platelets. A group of elementary platelets 
forms a clay particle. If such a particle is immersed in water, water molecules are 
attracted into the inter-lamellar spaces and the clay particle swells [69]. 
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The degree of swelling depends on the charge density of the clay mineral, size and 
shape of the elementary platelets and particles, the type and charge of the 
exchangeable cation and the chemical and thermal history of the clay mineral sample 
[69].  
2.7.5 Clay-dye interactions 
Clay minerals are natural layered silicates composed of sub-microscopic particles 
[70]. One of the most important groups of clay minerals is represented by expandable 
minerals, smectites. Due to isomorphic substitutions within the structure, smectite 
layers bear a negative charge. Some interesting physical and chemical properties, 
such as the tendency to form colloids and their inherent ion-exchange properties, 
relate to the layered structure and the presence of the net negative charge present in 
these minerals [53]. These properties have a great influence on many chemical and 
physical parameters of these materials and are important for some processes taking 
place in nature or utilised by industry. Research on clay mineral-dye complexes has 
been stimulated by the possibility of developing 
1. photo-functional materials for application in, e.g., photonic devices and 
2. photoactive materials for the protection of pesticides [71, 72, 89]. 
The aggregation behaviour is sensitive to the kind and amount of metallic ions 
present in the lattice of the clays, the amount of adsorbed water as well as the 
structure of the organic guests to be intercalated [73]. According to exciton theory, 
the band’s position and shape depend on the number and relative arrangement of 
interacting molecules and their transition moments in the molecular aggregate. 
Therefore, energies of the observed transitions are variable and may deviate [74]. 
In the vicinity of clay particles, dye aggregation takes place due to an enhanced 
polarity of water molecules induced by present inorganic ions in electric double 
layer. The presence of water as a polar solvent is essential for the aggregation of dye 
cations [75, 76]. Increasing the polarity of the environment increases the degree of 
aggregation. Enhanced aggregation is observed in aqueous solutions of inorganic 
salts and is found to be related to the polarising effects of ions [77]. A re-
arrangement of the dye cations occurs in extant aggregates, which is directed by the 
charge distribution so that each cation balances one negatively-charged site, thus 
mapping an intrinsic distribution of the negative charge on the clay surface [75, 78]. 
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The dye/ silicate dispersions are dynamic systems, where complex re-organisation 
and re-distribution of the dye assemblies takes place. The layer charge of the silicate 
substrate controls the formation of the dye’s molecular assemblies, such as dimers 
and aggregates. The dye-clay suspension’s spectra depend on parameters like dye 
loading, clay type, exchangeable cation, clay concentration and age of the suspension 
[79]. Clay minerals adsorb cationic dyes from aqueous or organic solutions by a 
cation exchange process.  
When smectites are suspended in aqueous solutions, the expansion of the clay 
mineral structure occurs [80]. The swelling process relates to the expansion of 
interlayer spaces and is important for adsorption (intercalation) of various organic 
species. Numerous works have reported on the significant influence of clay minerals 
on optical properties of organic dyes [75, 81]. Cationic chromophores are frequently 
adsorbed via an ion exchange reaction in the form of molecular assemblies [75] 
which are formed by the hydrophobic interactions between dye molecules in water. 
This process is followed by significant changes of the electronic properties arising 
due to coupling between transition moments of the chromophores, which is 
observable using absorption spectroscopy in the visible region [82]. 
Molecular aggregation and electronic properties of chromophores are strongly 
influenced by various parameters, including dye concentration and structure, pH and 
ionic strength, temperature and presence of organic co-solvents, etc. [75, 81-84]. It is 
also reported that the dye initially gets adsorbed extremely fast on the surface 
followed by a re-distribution over the total available surface and the thermodynamic 
instability of clay mineral suspensions, giving rise to continuous aggregation-
deaggregation phenomena of individual clay mineral platelets [85, 86]. With 
increasing clay concentration or in the presence of electrolytes, the clay flocculates. 
Organic compounds are adsorbed into the interlayer space of montmorillonite either 
as cations, by electrostatic attraction, or by van der Waals forces [87]. 
2.8 Adsorption 
2.8.1 Adsorption and its characteristics 
Atoms, ions or molecules being adsorbed on a solid surface is called adsorption, 
when the adsorbed particles leave the surface, it is called desorption, the solid is 
called adsorbent and the substance adsorbed on the solid surface is called adsorbed 
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substance. Adsorption occurs on the interface of two different phases such as liquid-
liquid, gas-liquid, gas-solid, depending on the fact that the substance leaves one 
phase, cumulates, and concentrates on the other [88]. 
All solids whether they have a crystal structure or not, including metals and plastics, 
have more or less adsorption strength. While some natural solids having high 
adsorption strength can be listed as coals, clays, zeolits and various metal blooms, 
artificial solids can be listed as active coal, molecular sieves (artificial zeolits), silica 
gels, metal oxides, catalysis and some special ceramics.  
Adsorption is realized primarily in 4 steps. 
1) The one adsorbed in gas or liquid is diffused towards the boundary of film layer 
which coats the adsorbent. 
2) The one adsorbed moves along to the pores of adsorbent. 
3) By moving in the pores of adsorbent the one adsorbed moves along to the surface 
where adsorption will occur. 
4) The one adsorbed hold on to the pore surface of adsorbent (adsorption). 
2.8.2 Adsorption types 
Adsorbent's being held on adsorbent is realized in three ways: by Van der Waals 
force, by electrical gravitation of the liquid towards adsorbent and chemically. 
Adsorption is divided into three groups due to the fact that they stem from different 
bonds [89]. 
2.8.2.1 Physical adsorption 
During physical adsorption, between the one adsorbed which can be in the type of 
atom, molecule or ion and solid surface, van der Waals forces being long distance 
but weak is affective. Physical adsorption is reversible. When the conditions of 
adsorption are changed, the one adsorbed can be easily deported from adsorbent 
surface and this incident is called "desorption", in other words "negative adsorption". 
Adsorption can be single or multi-layered and adsorption heat is about 20 kJ/mol.  
2.8.2.2 Chemical adsorption 
During chemical adsorption, there occurs a chemical bond which is generally is a 
covalent bond between the particles and surface. Chemical adsorption is irreversible 
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and can be exothermic or endothermic. The adsorption can decrease or increase by 
increasing the temperature depending on it's being exothermic or endothermic. 
Adsorption is single layered and the temperature of adsorption is about 200 kJ/mol.  
2.8.2.3 Exchange (electrostatic) adsorption 
Ion exchange is the adsorption type which occurs by the ions of substances are 
adsorbed on the surface by the effect of electrostatic gravitational forces. In this 
instance, adsorbent and adsorbed substance surface having opposite electrical 
charges attracts each other. For two potential ionic adsorbed substances in the same 
concentration, ion charge is the determinant factor in this type of adsorption. Ions 
having more electrical charge and small ions are adsorbed in a better way [49]. 
2.8.3 Factors affecting adsorption 
2.8.3.1 Characteristics of adsorbent 
Solids with high adsorption strength have a porous structure like a sponge. Spaces, 
holes, channels and cracks within and on the surface of solids are called pores. The 
ones having a width of less than 2 nm are called micropores, between 2 nm and 50 
nm are called mesopore and the ones bigger than 50 nm are called macropores. Total 
volume of pores in 1 gram of solid is called specific pore volume and total surface of 
the walls of these pores is called specific surface area. Due to the fact that when the 
pores are smaller, the number of walls increase, then the specific surface area 
increases. Size dispersion of pores are called pore size dispersion of adsorbent. 
Adsorption strength of a solid depends on specific surface area, specific pore volume 
and pore size dispersion as well as the nature of this solid [89].  
Although a huge number of adsorbents are used in adsorption processes, they are 
rarely used in industrial processes. In order to be used in industry, an adsorbent; 
• should have high adsorption capacity,  
• should be strong physically, 
• should not be included in chemical reactions, 
• should have a high selectivity against substance (s) to be separated from mixture, 
• should be cheap, 
• should have a large surface area per mass unit, 
• should be able to be reused by regenerating. 
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2.8.3.2 Characteristics of the adsorbed substance 
The solubility of the solute is a controlling factor for adsorption balance. Generally 
there is a reverse relation between the adsorption rate of solute and its solubility in 
liquid phase. When the solubility increases, the bond between solvent and solute 
becomes stronger and adsorption decreases. In other words, a water-soluble 
hydrophilic substance is less adsorbed from aqueous solution than a less water-
soluble hydrophobic substance [73].  The size of the molecule adsorbed is also 
among the factors affecting adsorption. If the molecules of adsorbed substance are 
bigger when compared to the pore structure of adsorbent, there is a possibility that 
there pores are choked and because of the fact that active centers in these pores are 
not sufficiently active, adsorption capacity decreases. A polar substance is adsorbed 
in a stronger way by an adsorbent than in a non-polar solution.  
2.8.3.3 pH  
The fact that between the two phases interacting with each other the liquid phase is 
acidic, basic and neutral is one of the factors affecting adsorption. Since the pH of 
dissolved substance affects the rate of ionization and ion charges, this causes the 
electrical gravitational force on adsorbent surface to be changed. Adsorption of 
hydrogen (H
+
) and hydroxyl (OH
-
) ions in aqueous solution in a strong way on 
adsorbent surface affects the adsorption of other ions. In addition to that, ionization 
of an acidic and basic compound also affects the adsorption and there fore pH will 
affect the adsorption though it does not affect the ionization rate. There is a pH value 
or range where all ions are adsorbed in maximum level. Generally, adsorption of 
typical organic contaminants from water is increased by decreased pH [74]. 
2.8.3.4 Temperature 
The impact of temperature depends on the adsorption's being endothermic or 
exothermic. In exothermic adsorption, when the temperature increases, adsorption 
capacity decreases. Since the adsorption is a balance process, small changes in 
temperature greatly affect the adsorption [74]. 
2.8.3.5 Presence of competing ions 
If there are more than one dissolved substance in adsorption solution, the adsorbed 
substance can be adsorbed in the same, less or more rate in comparison with the 
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solution in which it is included. If different substances do not affect each other, they 
behave as they are single or change the adsorption behavior of the other due to the 
fact that the substances with high adsorption rate has already covered the surface of 
the adsorbent [74]. 
2.8.3.6 Contact time 
The contact time of adsorbent and solution is important. At the beginning of contact 
adsorption rate is high and when the time goes by adsorption rate becomes slower. In 
adsorption processes, there is an optimum adsorption time, so it is crucial for the 
purification of industrial waste waters [74]. 
2.8.4 Adsorption from solution 
In the process of adsorption from solution which is the process of solution's being 
held on the adsorbent surface, the particles interacting with adsorbent firstly hold on 
the most active center of the solid. After this active center is saturated, solid surface 
firstly is covered by a layer with adsorbed particles.  
If the adsorption is a chemical adsorption, adsorption ends when this layer is 
completed. If the adsorption is a physical adsorption and there is an absorbed-
absorbent interaction that they generate new layers over the first layer, there occurs a 
multi-layered adsorption.  
The rate and amount of the adsorption is a function of absorbent surface. Therefore 
substances with larger surface area compared to its mass are used. During the 
adsorption of the gases, if the pressure is increased, adsorbent will adsorb more 
substances. The same rule is valid for adsorption from solution. The adsorption of the 
solution depends on the nature of substance to be adsorbed, its concentration, 
temperature and pH value. 
Adsorption of a gas on a solid occurs spontaneously, on the decrease threshold of the 
system's free energy. In this situation, adsorbed atom or molecules either hold on the 
surface firmly or move on the surface freely in a two-dimensional way. Due to the 
fact that before adsorption gas molecules move in a three dimensional way, as a 
result of the adsorption the freedom degree of the gas decreases. Since the adsorbed 
gas proceeds to a more regular state, there becomes a decrease in entropy which is a 
measurement of system irregularity, and this situation can be explained with the 
following equation:  
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ooo STHG         (2.1) 
0G ; free energy change (kJ/mol) 
0H ; enthalpy change (kJ/mol) 
0S ; entropy change (kJ/mol.K) 
2.8.5 Adsorption kinetics 
Adsorption kinetics studies explain by which step of adsorption the rate of adsorption 
is determined as well as enabling to find effective adsorbent-adsorbed substance 
contact time. Adsorption consists of four main steps. On the first step, adsorbed 
substance in gas or liquid phase is diffused towards a film layer covering adsorbent, 
this step is fast and the rate is not determinant. But, if the phase where adsorbent is 
present is immobile, this step is the slowest one and adsorption rate is determined 
according to that. On the second step, the adsorbed substance reaching the film layer 
moves towards the adsorbent's pores by proceeding throughout the static part, and 
this motion is called film-mass transfer or boundary layer diffusion. 
On the next step, adsorbed substance moves towards to the surface where adsorption 
will occur by moving within the pore holes of the adsorbent and this is called pore 
diffusion. In general terms adsorption rate is determined by pore diffusion or film-
mass transfer steps. Lastly, the adsorbed substance is adsorbed on the pore surface of 
adsorbent and this step is the fastest step of adsorption process. 
In order to determine the adsorption rate, the equations below are used. 
Pseudo-first order Lagergren equation: 
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1k ; Lagergren adsorption rate constant, (min
-1
), 
k ; second order adsorption rate constant, (g/(mg.min)), 
2k ; pseudo-second order adsorption rate constant, (g/(mg.min)), 
tq ; shows the substance amount (mg/g) adsorbed per adsorbent mass unit in any t 
time. If the y values in equations 

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e
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q
qq
log ,  te qq /1  or tqt /  are plotted 
against x value t ,  1k , k  or  2k values can be found, respectively. 
2.8.6 Adsorption thermodynamics 
By determining enthalpy change, entropy change, free energy change and 
equilibrium constant during adsorption, adsorption can be examined 
thermodynamically [56, 57]. Due to the fact that adsorption occurs spontaneously at 
constant pressure and temperature, free energy change 0G during adsorption is 
always marked negative. On the other hand, because the particles which are irregular 
in gas or liquid environment becomes more regular by holding on to solid surface, 
entropy exchange during adsorption
0S is marked negative. For the adsorbed phase 
during adsorption balance established under constant temperature and constant 
pressure: 
cRTInKG 
0                                                    (2.5) 
cK ; adsorption equilibrium constant, 
 c
K =
e
A
C
C
                                                               (2.6) 
AC ; concentration of adsorbed substance after adsorption (mg/L), 
eC ; equilibrium concentration of adsorbate (mg/L). 
In order to find Gibbs free energy change of adsorption process realized in a specific 
temperature, firstly adsorption equilibrium constant is found by using (2.6) equation 
and then this value is placed in (2.5) equation and Gibbs free energy change ΔG0 can 
be calculated.  
Equation (2.7) obtained by combining Equation (2.1) and (2.5) is below. 
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By using this Van't Hoff equation, lnKc values against T/1  values plots give the 
thermodynamic functions 0H  and 
0S .  
By using 
0G  calculated of Kcs and calculated values are calculated. 
2.8.7 Adsorption studies realized on polymer composites 
Increase in the usage of adsorption method for wastewater purification also increases 
studies about developing adsorbents with different features. Adsorption studies have 
been realized with activated carbon, clay, organoclay, fly ash. In recent years, there 
have been studies for using polymeric materials as adsorbent and improving these 
methods.  
Babel S.  ve Kurniawan A. T. had a research on heavy metal adsorption from waste 
waters by using low cost adsorbents such as chitosan, zeolite instead of expensive 
activated carbon. They stated that adsorption capacity of the chitosan is the highest 
but the cheapest adsorbent is zeolite [69]. 
Adsorption of methylene blue on peat by the purpose of purification of textile waste 
waters was researched by Fernandes N.A., Almeida P.A.C. et al.. They examined 
different pigment concentration and temperature as adsorption parameters. As a 
result of adsorption data’s the  process is endothermic and spontaneous [70]. 
Methylene blue adsorption on montmorillonite clay was examined for the effect of 
starter pigment concentration, adsorbent amount, pH, temperature and contact time 
on the capacity of adsorbance. According to the applied pseudo-first and second 
order rate equations and diffusion mechanism in particle, and stated that the best 
result is from pseudo-second order rate equation. As a result of thermodynamic 
calculations process is endothermic and spontaneous [71]. 
The high adsorptive capacity of montmorillonite for a wide variety of organic 
compounds (Theng, 1974), including the reaction products of polycations with 
dissolved organics, makes montmorillonite well suited for removing contaminants 
from municipal wastewater. The application of montmorillonite in combination with 
cationic polymers to secondary effluents therefore lifts the efficiency of turbidity 
removal and decreases the optimum polycation dosage [68].  
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Bajpai S.K. and Shrivastava S. realized adsorption studies by using poly(acrilamid-
co-itaconic acid) polymer composite structure with activated carbon. They have 
synthesized polymer by solution polymerization technique (P(AAm-ko-IA)/AK). 
They have used potassium persulphate as starter and N,N’-methylene bisacrylamide 
as cross-linker. They have found that P(AAm-ko-IA)/AK synthesized as adsorbent 
adsorbs methylene blue which is a cationic pigment. As a result they have stated that 
experiment results match the pseudo-second order kinetic equation, adsorption is 
realized spontaneously by finding negative values for 
0G  and 0H   and the 
reaction is exothermic [90]. 
 Zeng X., Fan Y. et al. synthesized styrene-co-divinylbenzene (PDM-1) polymer 
having macropore ester groups used as adsorbent by suspension polymerization 
method. After that, they synthesized PDM-2 polymeric adsorbent with a larger 
surface area by cross linking PDM-1 polymer over suspended vinyl groups with 
Friedel-Crafts catalysis reaction. They studied on phenol adsorption from aqueous 
solution on PDM-1 and PDM-2. They stated that PDM-2 has the best adsorption 
capacity in comparison to other adsorbents. As a result of kinetic and thermodynamic 
studies, they found that phenol adsorption on PDM-1 and PDM-2 match the pseudo-
second order kinetic equation, and the process is spontaneously and exothermically 
[91]. 
Hameed B.H. had a research about capacity of papaya seed's adsorbing methylene 
blue which is a cationic pigment. He examined the adsorption studies by the 
parameters of contact time at 30 
0
C, starting concentration (50-360 mg/L), pH (3-10), 
adsorbent amount (0,05-1,00 g). As a result of adsorption kinetic studies he stated 
that adsorption of methylene blue to papaya seed matches the pseudo-second order 
kinetic equation [92]. 
Hararah, M.A. et al. had a research on acrylonitril, 1,3-butadien, styrene copolymer 
(ABS), styrene-co-acrylonitril (SAN), poly (vinyl chloride) (PVC), poly (methyl 
methacrylate) (PMMA), poly (tert-butile akrylate) (PtBA) polymers' capacity of 
phenol adsorbing from aqueous solutions. Starting phenol concentration (20-100 
mg/L), pH (3-11), temperature (25-65 
0
C) were selected as adsorption parameters. 
They found in their research that adsorption capacity of SAN polymer is the highest 
among the other polymers. They also stated that adsorption capacity increases both 
by temperature increase and increase in stirring rate [93]. 
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McKay G. and Ho Y.S., examined whether basic blue 69 and acid blue 25 pigments' 
adsorption on peat matches pseudo-first order and pseudo-second order rate 
equations. By stating that adsorption capacity of basic blue 69-peat system is higher, 
they found that adsorption matches the pseudo-second order rate equation and the 
process is exothermic [94]. 
Gong J., Chen M., et al. prepared polystyrene resins which they used as adsorbent by 
using divinylbenzene as cross linker with a suspension polymerization technique. 
They adjusted the polarity of resin by adding methyl methacyrlate or methacrylate 
monomers to polymerization system. As parameters affecting the adsorption capacity 
they examined starter pigment concentration, pH and temperature. They stated that 
pore size and surface area of synthesized resin have a significant affect on adsorption 
process [95]. 
Huang J., Xu M. et al. synthesized poly (methyl p-divinylbenzene ether) and 
poly(phenyl p-divinylbenzene ether) polymeric adsorbents from methyl chloride 
linked polystyrene. They increased phenol adsorption of polymeric adsorbents 
synthesized from hexane solution [96].  
Zhang X., Li A. et al. had a research on methylene blue, reactive orange X-GN and 
phenol adsorption on two different commercial resin. They examined the effect of 
size and pore size of the substance held on the surface of adsorbent to adsorption 
process. As a result of the kinetic studies, they stated that adsorption mechanism 
matched the pseudo-second order rate equation [97]. 
Tsyurupa P. M., Blinnikova K. Z. et al. synthesized polystyrene meshes with 
different crosslinking rates by Friedel-Crafts reaction and researched the pigment 
adsorption from the solution environment. They stated that for the dry samples of 
cross-linked polymeric adsorbents which can swell out in water, adsorption capacity 
is independent from specific surface area but depends on the volume of water they 
absorb [98]. 
Nayak S.P. and Singh K.M. researched phenol adsorbtion capacity of clay, which is 
found on nature and cheap. They examined the change of adsorption capacity by 
particle size, pH and temperature. They stated that the adsorption of phenol on clay 
and the process is endothermic due to the fact that when the temperature increases, 
adsorption capacity also increases. They claimed that since Gibbs free energy is 
negative, adsorption is realized spontaneously [99]. 
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3. EXPERIMENTAL  
3.1 Chemicals Used  
3.1.1 Na-Montmorillonit (MMT) 
The used Cloisite (Na-MMT) was supplied from Southern Clay Products.  Its cation 
exchange capacity (CEC) is 92.6 meq/100 g and surface area is bigger than 750 m
2
/g. 
3.1.2 Dicyandiamide 
Dicyandiamide was supplied from YIXING BLUWAT, its molecular formula is 
C2H4N4, molar mass is 84.08 g/mol. Specific gravity=1.40 g/cm
3
, Melting 
Point=209.5°C.. Dicyandiamide is in white crystalline form and its purity is min. ≥% 
99.5 (GC). 
 
Figure 3.1 : Dicyandiamide structure. 
3.1.3 Formaldehyde 
Formaldehyde is supplied from Polisan. It is an organic compound with the formula 
CH2O which is the simplest form of aldehyde. The 37% solution of formaldehyde in 
water, commonly called formalin. Formalin is the equilibrium mixture of water, 
formaldehyde, and formaldehyde hydrate. Its density and pH are 1.095 g/cm
3(20 °C) 
and 3.46, respectively. 
 
Figure 3.2: Formaldehyde structure. 
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3.1.4 Hydrochloric Acid (HCl) 
Hydrochloric acid is a solution of hydrogen chloride in water. It was the product of 
Ak-Kim Kimya San. ve Tic. A.Ş. with a 30% concentration. It was used for the pH 
adjustment during the reaction and for dye solutions.  
3.1.5 Ammonium Chloride 
Ammonium Chloride is a product of Merck A.G. and was used as the quarternization 
agent. It has the molar mass of 53.94 g/mol and the formula NH4Cl.  
3.1.6 Dyestuff 
Rosso Kemaset 2B and Giallo Yellow 2R were used as anionic textile dyestuffs 
which are acid dye mixtures. The color indexes of Acid Red and Acid Yellow dyes 
are AR315 RR83 and AY59 AY110, respectively. Their maximum wavelength (λmax) 
values are 507 nm for Acid Red and 408 nm for Acid Yellow in UV/Vis 
Spectrophotometry. They are the products of Kemcolor and were supplied from 
Ersur Tekstil company. 
3.2 Used Equipment 
3.2.1 Basket heater with magnetic stirrer  
Its trade mark is Heidolph MR. It was used for heating for the synthesis of polymeric 
nanocomposite structure with the condenser. Temperature was set to 80 
0
C during the 
reaction.  This instrument can be heated to a maximum temperature of 300°C. 
3.2.2 Mechanical mixer 
Its trade mark is IKA RW16 and mixing rate is 2400 rpm. It was used for reaction of 
DCD-F resin and mixing of clay-water suspension.  
3.2.3 Centrifuge 
Its trade mark is Electromag and it can be reach 3000 rpm. It was used during the 
seperation process of adsorbed dyestuff from dye solutions.  
3.2.4 pH meter 
Its trade mark Hach Lange HQ40. The pH meter was used measuring and adjusting 
the pH at the beginning of the DC-F acidic reaction.  
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3.2.5 Viscometer 
Brookfield Model DV-II Viscometer was used to measure the viscosity of resin 
during the reaction. 
3.2.6 Precision balance 
The trade mark of trebuchet is Sartorius CPA 2245.  
3.2.7 Solid content analyzer 
Sartorius MA 35 was used to determine the solid content of resin. It is a rapid dryer. 
3.2.8 Drying-Oven 
Its trade mark is Nüve FN 400 which has maximum heating capacity 250 0C and was 
used to drying the DCD-F-MMT nanocomposites for characterization. 
3.2.9 Micropipette 
The trade mark of it was Rainin by Mettler Toledo and was used for dosing the resin 
to the dye solutions.  
3.2.10 Jar Tester 
It is a kind of mixer and its trade mark is Stuart Flocculator SW6. This test is carried 
out to determine the chemicals, dosages, and conditions required to achieve optimum 
results and 6 or less number of different samples can be used simultaneously. 
3.2.11 Fourier Transform Infrared Spectroscopy (FTIR-ATR) 
The trade mark of the device is Nicolet Nexus. FTIR measurements of DCD-F and 
its nanocomposites were done to validation the synthesis.  
3.2.12 Ultraviolet–Visible Spectroscopy (UV-Vis) 
The device with the trade mark SHIMADZU was used to measuring the the 
wavelengths of maximum absorbance for each of dyestuffs.  
3.2.13 Colorimeter 
Hach Lange DR 2800 was used for color measurements. The measuring wavelength 
of device was respectively adjusted to the the maximum wavelengths for each 
dyestuff according to the UV-Vis spectroscopy results. 
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Figure 3.3 : Colorimeter. 
3.2.14 Thermal Gravimetric Analysis (TGA) 
The trade mark of the device is Mettler-Toledo. Samples were analysed by TGA for 
measuring the loss in masses versus to the temperature.  
3.3 Synthesis of DCD-F and DCD-F-MMT Nanocomposite Resins  
Formaldehyde solution (37%), dicyandiamide were put into a three-necked round 
bottomed flask. Hydrochloric acid (30%) was used to adjusting the mixture pH 
which should be less than 2. The DCD/F ratio of reaction was 1/2, therefore DCD 
amount was 84.08 g (1 mole) and F solution amount was 162.32 g (2 moles). The 
mixture was stirred with a mechanical stirrer for 3 h at 80°C. During the reaction pH 
value of the system increased and it was fixed between 2.5-3. After 3 h, 53.94 g (1 
mole) Ammonium Chloride was added to the colorless sample, then mixture was 
mixed one more h at 80°C. During the reaction, viscosity of the mixture was 
increased and at the end of the reaction some water is added to the reaction vessel 
until the solid content was 50%. The obtained viscosities of DCD-F, DCD-F-
MMT2%, DCD-F-MMT4%, DCD-F-MMT8% were 58, 114, 131, 136 cPs 
(Brookfield Spindle 62, 100 rpm, 25°C) respectively and pH values were in the range 
of 3-3.5.  
DCD-F-MMT was synthesized in four different initial feed clay contents by weight 
according to the solid content of polymer (2 wt%, 4 wt%, 8 wt%). Constant ratio of 
monomers of 1:2 and constant amount of ammonium chloride were used at each 
polymerization. Unmodified montmorillonite clay was used to prepare DCD-F-clay 
nanocomposite resins which was mixed after the addition of ammonium chloride. 
Both DCD-F-MMT nanocomposite samples (DCD-F-MMT2%, DCD-F-MMT4%, 
37 
DCD-F-MMT8%) synthesized by the same way and by the same experimental setup 
with DCD-F and DCD-F-MMT. 
Table 3.1 : Contents of resin samples. 
Sample Name Clay Content (wt %)      DCD:F Molar Ratio 
DCD-F 0 1:2 
DCD-F-MMT2% 2 1:2 
DCD-F-MMT4% 4 1:2 
DCD-F-MMT8% 8 1:2 
3.4 Characterization of Samples 
3.4.1 FTIR-ATR spectrophotometric analysis  
The structures of the specimens were characterized by means of Fourier Transform 
Infrared (FTIR-ATR) spectroscopy. IR radiation is passed through a sample. Some of 
the infrared radiation is absorbed by the sample and some of it is passed through 
(transmitted). The resulting spectrum represents the molecular absorption and 
transmission, creating a molecular fingerprint of the sample.  
Analysis of samples were carried out with this method by identification of functional 
groups. It is based on the exitation of IR beams of molecules (with 4000 – 600 m 
wave length) to vibration and rotation levels by its adsorption. For molecular 
substances infrared absorption, emission and reflection spectrums are explained on 
the assumption that spectrums are stemmed from various changes on energy which is 
enabled by moving of molecules from one vibration or rotation energy level to other. 
Wave numbers are obtained by Fourier mathematical modeling method. With this 
method, analysis has been realized by defining the functional groups of molecules. 
3.4.2 Thermogravimetric measurements (TGA) 
TGA provides quantitative measurement of mass change in materials associated with 
transition and thermal degradation. It records change in mass from dehydration, 
decomposition, and oxidation of a sample with time and temperature. DCD-F resin 
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and DCD-F-MMT samples were analysed by TGA and percentages of residual clays 
were obtained.  
3.4.3 UV/Visible spectrophotometric and colorimetric analysis  
Molecular absorption spectroscopy is based on the calculation of transmittance (T) or 
absorbance (A) of the solution in a cell with b beam line between 160-780 nm wave 
lengths. This absorption is mostly based on the excitation of electron bonds in 
molecules, as a result of this molecular absorption spectroscopy is used to define 
functional groups in a molecule and at the same time for quantitative evaluation of 
compounds carrying functional groups.  UV/Visible spectroscopy and colorimeter 
are used in the analysis of many organic and inorganic compounds. 
Adsorption experiments have been done by using UV/Visible spectroscopy and 
Colorimeter analysis.  
In order to determine the wave length of dye(Acid Red and Acid Yellow) water 
solutions, where they have the maximum absorption levels, used as pigment 
solutions, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mg/L solutions have been 
prepared from 1000 mg/L dye solutions. Absorption spectrums of the Acid Red and 
Acid Yellow solutions prepared have been taken between 400-700 nm wave lengths 
by referring to water and 507 and 428 peaks have been observed in these spectrums, 
respectively by using UV/Visible spectroscopy.  
The colorimeter was adjusted for these wave lengths for each study. At 507 nm for 
Acid Red and at 428 nm for Acid Yellow, the absorption spectrums of these 
solutions in different concentrations measured and drawn successively on the graph 
of wavelengths giving the maximum absorbance. Linearized calibration curves, 
equations of lines and correlation factors were obtained. 
3.4.4 Adsorption experiments  
1 g of each dyes were dissolved in distilled water and a stock solutions of 1000 mg/L 
were prepared. From the stock solution, 40, 80 and 120 mg/L solutions were 
prepared. For pH adjustments, 0.1 M NaOH and 0.1 M HCI solutions were used.  
Adsorption experiments were realized by Jar Tester according to “ASTM D 2035 – 
08 Standard Practice for Coagulation-Flocculation Jar Test of Water
1” [43] method. 
By the Jar Tester maximum 6 sample of solutions can be mixed simultaneously. 
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1000 mL of dye solutions of which concentration is specified was taken and certain 
amount of  resins was added to them and they were mixed at high rate in 120 rpm for 
2 min. and at low rate in 30 rpm for 18 min. After mixing was stopped, samples were 
settled for 10 min and centrifuged at 2500 rpm., thus, adsorbents were precipitated. 
Acid Red and Acid Yellow solutions can be directly measured without diluting. The 
specific samples taken from dye solutions were measured by colorimeter at their 
maximum wavelengths 507 nm and 428 nm. The absorption calculations and 
adsorbed dye amounts were determined.  
These measured results were taken in mg/L as dye concentration (Ce) remained in the 
solution after adsorption. From the amount of dye amount in the starter solution, the 
amount of dye amount not adsorbed (Ce) was subtracted and dye amount (CA) was 
found.  
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4. RESULTS AND DISCUSSION  
In this study, a kind of thermoset resin; DCD-F and its nanocomposite types were 
used as decolorant for synthetic colored waters. Na Montmorillonite (MMT) with 
cation exchange capacity (CEC) value of 92.6 meq/100 g was used for production of 
nanocomposite resins in 2%, 4% and 8% percentages. 
DCD-F resin was synthesized by condensation polymerization and its 
nanocomposites were produced by using the same method. The only difference was 
the addition of swelling MMT’s to the polymer solution and mixing at the end.  
The synthesized samples were structurally identified by performing the FTIR, TGA 
and XRD characterizations. 
The adsorption experiments were carried out at 30 
0
C, using 0.15 g samples of 
adsorbents and Acid Red and Acid Yellow dye solutions having 40 mg/L 
concentrations. The adsorption capacity (qt) versus time (t) graphs were plotted. 
After the determination of the dye  adsorption capacities for  the DCD-F and DCD-F-
MMTs, the applicability of adsorption data on various rate equations was 
investigated and it was found that the data fitted to the pseudo-second order rate 
equation. The effect of massof adsorbent on adsorption capacity was investigated for 
DCD-F-MMT8%, using  0.05, 0.15 and 0.25 g samples in 40 mg/L Acid Red and 
Acid Yellow solutions and performing the adsorption at 30 
0
C.  
From the adsorption experiments carried out with 0.15 g DCD-F-MMT8% samples 
in 40 mg/L Acid Red and Acid Yellow dye solutions at 20, 30 and 40 
0
C, adsorption 
equilibrium constants, Gibbs free energies for adsorption, adsorption enthalpies, and 
adsorption entropies were calculated using thermodynamic equations.  
4.1 Resin Samples Characterization 
4.1.1 FTIR-ATR spectrophotometric analysis  
The FTIR spectra of the MMT, DCD-F, DCD-F 8%, were presented in Figure 4.1, 
4.2 and 4.3. FTIR spectra were recorded in the absorbance mode. The wave numbers 
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of characteristic peaks are shown on the figures. These signals were helpful in 
identifying the components of the condensation reaction of DCD and formaldehyde. 
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Figure 4.1 : FTIR analysis of MMT 
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Figure 4.2 : FTIR analysis of DCD-F resin 
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Figure 4.3 : FTIR analysis of DCD-F-MMT8%  
The amide band at 1500-1560 cm
-1
 is very strong in all urea-formaldehyde polymers. 
These amide bands of DCD-F and DCD-F-MMT8% were observed in the 1500-1560 
cm
-1
 region. In this study -NH bending peaks belonging to amide group were 
obtained at 1518 for DCD-F and 1520 cm
-1
 for DCD-F-MMT8%. The characteristic 
peaks of -NH stretching of the bonded of amide group were shown at 3229 and 3268 
cm
-1 
for DCD-F and DCD-F-MMT 8%, respectively. The characteristic C=N peaks 
were indicated at 1621 and 1629 cm
-1 
for DCD-F and DCD-F-MMT 8%, 
respectively.
 
4.1.2 Thermal gravimetric analysis results 
DCD-F resin samples contain different percentages of MMT as nanocomposite 
structures. When the clay is burned, the water in its structure moves off. TGA 
analysis were carried out in order to determine how much of the MMTs that had been 
added during synthesis, remained in the DCD-F samples. 
In order to prepare TGA samples, DCD-F resin and the DCD-F-MMT resins were 
partially cured at 105°C for 2 h. A 10 mg powder sample of the cured resin was 
subjected to TGA analysis, and heated at linear heating rate of 10°C/min. 
Degradation was carried out in a static nitrogen atmosphere to the maximum 
temperature of 900°C. The weight loss (wt%) of the resins were calculated, the 
3268 
1629 
1520 
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weight loss (%) rates were shown as a function of temperature in Figure 4.4 with 
thermograms. The analysis results shows that MMTs remained in the structure of 
DCD-F samples were synthesized successfully. The residue weight percentages at 
900 
o
C are 0.64%, 2.23%, 4.39% and 8.19% for DCD-F, DCD-F-MMT2%, DCD-F-
MMT4%, DCD-F-MMT8%, respectively. 
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Figure 4.4 : TGA analysis results of DCD-F and DCD-F-MMT samples. 
4.1.3 Adsorption capacities 
4.1.3.1 Comparison of the adsorption capacities of the prepared nanocomposites 
at constant temperature, dye concentration and the amount of adsorbent 
Adsorption experiments were done at 30 
0
C, in 40 mg/L solutions of Acid Red and 
Acid Yellow dyes, using 0.15 g samples of DCD-F, DCD-F-MMT2%, DCD-F-
MMT4% and DCD-F-MMT8%. The qt-t plots based on these data are shown in 
Figure 4.5 and Figure 4.6. 
Equilibrium adsorption capacities of DCD-F, DCD-F-MMT2%, DCD-F-MMT4% ve 
DCD-F-MMT8% samples were found as 49 mg/g, 52 mg/g, 61 mg/g and 77 mg/g, 
respectively, for experiments in Acid Red dye solutions. For the experiments in Acid 
Yellow dye solutions, equilibrium adsorption capacities of DCD-F, DCD-F-
MMT2%, DCD-F-MMT4% ve DCD-F-MMT8% samples were obtained as 10 mg/g, 
14 mg/g, 26 mg/g and 30 mg/g, respectively. As the amount of MMT in the 
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nanocomposite samples increases, the equilibrium adsorption capacities were 
obtained to be higher than that of the host polymer. The other effects on the 
equilibrium adsorption capacities were examined by using DCD-F-MMT8%  
because  this sample showed better equilibrium  adsorption capacity than those of the 
other samples.  
 
Figure 4.5 : Adsorption capacity versus time for DCD-F, DCD-F-MMT2%, DCD-F-
MMT4% and DCD-F-MMT8% in Acid Red solution. (Acid Red 
concentration= 40 mg/L, pH= 9.41, mass of adsorbent=0.15 g, t=30 
0
C). 
 
Figure 4.6 : Adsorption capacity versus time for DCD-F, DCD-F-MMT2%, DCD-
F-MMT4% and DCD-F-MMT8% in Acid Yellow solution. (Acid 
Yellow concentration= 40 mg/L, pH= 9.52, mass of adsorbent=0.15 g, 
t=30 
0
C). 
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4.1.3.2 The effect of amount of adsorbent on adsorption capacity at constant 
temperature, dye concentration and pH 
The adsorption experiments were carried out by using different amounts (0.05 g, 0.15 
g, 0.25 g) of DCD-F-MMT8% sample at constant dye concentration, pH and 
temperature. The data obtained were plotted as qt-t graphs. (Figure 4.7 and Figure 
4.8.) 
 
Figure 4.7 : Adsorption capacity versus time for amounts of DCD-F-MMT8% in 
Acid Red solution (Acid Red concentration=40 mg/L, pH=9.41, 
t=30
0
C). 
 
Figure 4.8 : Adsorption capacity versus time for amounts of DCD-F-MMT8% in 
Acid Yellow solution (Acid Yellow concentration=40 mg/L, pH=9.52, 
t=30
0
C). 
For both Acid Red and Acid Yellow experiments 0.05 g adsorbent is not enough for 
decolorization and it has the lowest efficiencies. The adsorption capacities of 0.25 g 
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of adsorbent are better than 0.05 g, but lower than 0.15 g of adsorbent, because 
amount of adsorbent causes to decrease of adsorption capacity (limiting cation). 0.15 
g of adsorbent is the optimum application amount for each type of dye. 
4.1.3.3 The effect of dye concentration on adsorption capacity at constant 
temperature, amount of adsorbent, and pH 
Adsorption experiments using 0.15 g DCD-F-MMT8% samples in 40, 80, 120 mg/L 
dye solutions were carried out at 30 
0
C. The results are shown in Figure 4.9 and 
Figure 4.10. 
 
Figure 4.9 : Adsorption capacity  versus time for different Acid Red concentrations 
(Mass of adsorbent=0.15 g of DCD-F-MMT8%, pH=9.41, t=30 
0
C). 
 
Figure 4.10 : Adsorption capacity  versus time for different Acid Yellow 
concentrations (Mass of adsorbent=0.15 g of DCD-F-MMT8%, 
pH=9.52, t=30 
0
C). 
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By increasing the concentration of dyes from 40 mg/L to 120 mg/L, equilibrium 
adsorption capacities increase from 77 mg/g to 187 mg/g for Acid Red and from 30 
mg/g to 139 mg/g for Acid Yellow. 
4.1.3.4 The effect of pH on adsorption capacity at constant temperature, dye 
concentration and amount of adsorbent 
Adsorption experiments were carried out at 30 
0
C, using 0.15 g DCD-F-MMT 8% 
samples in 40 mg/L of dye solutions, at different pH values and the results are shown 
in Figure 4.11 and Figure 4.12. 
 
Figure 4.11 : Adsorption capacity  versus time for different pH values  (Acid Red 
concentration=40 mg/L, mass of adsorbent=0.15 g of DCD-F-
MMT8%, t=30
0
C). 
 
Figure 4.12 : Adsorption capacity  versus time for different pH values   (Acid 
Yellow concentration= 40 mg/L, mass of adsorbent= 0.15 g of DCD-
F-MMT8%, t= 30
0
C). 
Investigation of these graphs show that, adsorption capacities increase with 
decreasing pH of dye solutions. A decrease in pH from 9.5 to 5.5 results in an 
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increase in the equilibrium adsorption capacity from 77 mg/g to 89 mg/g for Acid 
Red and from 30 mg/g to 84 mg/g for Acid Yellow. The effect of pH is more 
significant for the adsorption capacities in Acid Yellow than those in the Acid Red. 
4.1.3.5 The effect of temperature on adsorption capacity at constant dye 
concentration, amount of adsorbent and pH 
Adsorption experiments were carried out using 0.15 g  DCD-F-MMT 8% sample in 
40 mg/L dye solution, at 20
0
C, 30
0
C, 40
0
C and the results are shown in Figure 4.13 
and Figure 4.14. 
 
Figure 4.13 : Adsorption capacity  versus time at different temperatures in Acid 
Red solutions. (Acid Red concentration= 40 mg/L, mass of 
adsorbent= 0.15 g of DCD-F-MMT8%, pH=9.41) 
 
Figure 4.14 : Adsorption capacity  versus time at different temperatures in Acid 
Yellow solutions. (Acid Yellow concentration=40 mg/L, mass of 
adsorbent=0.15 g of DCD-F-MMT8%, pH=9.52) 
The equilibrium adsorption capacities are 51 mg/g for Acid Red and 21 mg/g for 
Acid Yellow at 20 
0
C, 77 mg/g for Acid Red and 30 mg/g for Acid Yellow at 30
0
C 
and 134 mg/g for Acid Red and 44 mg/g for Acid Yellow at 40
0
C.  The adsorption 
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capacities increase with increasing temperature. This can be attributed to the increase 
in the ability of the molecules to be adsorbed onto the surface because of increase in 
kinetic energies due to temperature increase. 
4.1.4 Adsorption kinetics studies 
4.1.4.1 Application of pseudo-second order rate equation for different 
nanocomposite samples at constant temperature, dye concentration and amount 
of adsorbent  
Kinetic models were developed and used for the determination of mechanism and 
rate of adsorption processes. Adsorption mechanism depends on physical and 
chemical properties of adsorbent. 
The results of adsorption experiments were tested on DCD-F mechanism for Acid 
Red and Acid Yellow with DCD-F and its nanocomposite samples for different 
kinetic models. To check the suitability of pseudo-second order kinetics, t/qt was 
plotted against t at 30 
0
C, using 0.15 g adsorbent in the dye solution having 40 mg/L 
of initial concentration and a certain pH. Straight lines were obtained for all 
adsorbents (Figure 4.15 and Figure 4.16). This proves that the results fitted pseudo-
second order kinetic model. 
 
Figure 4.15 : Pseudo-second order rate equation fit  to data for the adsorption of 
Acid Red on DCD-F resins (Acid Red concentration=40 mg/L,  mass 
of adsorben t=0.15 g,  pH=9.41,  t=30
0
C). 
The equilibrium adsorption capacities (qe) were calculated from the slopes of the 
obtained straight lines and the adsorption rate constants (k2) were obtained from the 
intercepts. The kinetic parameters for the samples are given in Table 4.1 and Table 
4.2. 
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Figure 4.16 : Pseudo-second order  rate equation fit  to data for the adsorption of 
Acid Yellow on DCD-F resins (Acid Yellow concentration=40 
mg/L, mass of adsorbent=0.15 g,  pH=9.52,  t=30
0
C). 
Table 4.1 : Kinetic parameters for the adsorption of Acid Red on  DCD-F resins 
(Acid Red concentration=40 mg/L, mass of adsorbent=0.15 g,  
pH=9.41,  t=30
0
C). 
Sample k2 (g/mg.min) qe (mg/g) R
2
 
DCD-F 0.145 x 10
-3
 72.46 0.9819 
DCD-F-MMT2% 0.270 x 10
-3
 67.11 0.9900 
DCD-F-MMT4% 0.407 x 10
-3
 71.42 0.9983 
DCD-F-MMT8% 0.480 x 10
-3
 86.20 0.9968 
Table 4.2 : Kinetic parameters for the adsorption of Acid Red on  DCD-F resins 
(Acid Red concentration=40 mg/L, mass of adsorbent=0.15 g,  
pH=9.52,  t=30
0
C). 
Sample k2(g/mg.min) qe(mg/g) R
2
 
DCD-F 1.895 x 10
-3
 12.48 0.9908 
DCD-F-MMT2% 2.466 x 10
-3
 15.97 0.9858 
DCD-F-MMT4% 0.650 x 10
-3
 32.78 0.9795 
DCD-F-MMT8% 0.910 x 10
-3
 35.08 0.9912 
As can be seen from the tables both k2 and qe have their higher values for DCD-F and 
its nanocomposite samples. This can be attributed to the fact that is the one having 
the highest adsorption capacity among the samples. 
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4.1.4.2 Application of pseudo-second order rate equation for different amounts 
of adsorbents at constant temperature and dye concentration  
The adsorption kinetics studies were applied to different amounts of DCD-F-
MMT8%, with the initial dye concentration of 40 mg/L, at constant pH and 
temperature. The pseudo-second order rate equation fit to the data obtained is 
presented in Figure 4.17 and Figure 4.18. The calculated kinetic parameters obtained 
by the application of pseudo-second order kinetic model are given in Table 4.3 and 
Table 4.4.  
 
Figure 4.17 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Red on DCD-F-MMT8% samples of different masses (Acid 
Red concentration=40 mg/L,  pH=9.41,  t = 30
0
C). 
 
Figure 4.18 : Pseudo-second order rate equation fit to data for the  adsorption of 
Acid Yellow on  DCD-F-MMT8% samples of different masses (Acid 
Yellow concentration=40 mg/L,  pH=9.52,  t=30
0
C). 
From Figure 4.17 and Figure 4.18, it is observed that 0.15 g adsorbent has the best 
equilibrium adsorption capacity in both Acid Red and Acid Yellow solutions. The 
kinetic parameters for different masses of DCD-F-MMT8% samples are given in 
Table 4.3 and Table 4.4. 
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Table 4.3 : Kinetic parameters for the adsorption of Acid Red on  DCD-F-
MMT8% samples of different masses (Acid Red concentration=40 
mg/L, pH=9.41,  t=30
0
C). 
Amount (g) k2 (g/mg.min) qe (mg/g) R
2
 
0.05 0.976 x 10
-3 
57.80 0.9979 
0.15 0.480 x 10
-3 
86.20 0.9964 
0.25 0.871 x 10
-3 
67.11 0.9968 
Table 4.4 : Kinetic parameters for the adsorption of Acid Yellow on DCD-F-
MMT8% samples of different masses (Acid Yellow concentration=40 
mg/L,  pH=9.52,  t=30
0
C). 
Amount (g) k2 (g/mg.min) qe (mg/g) R
2
 
0.05 0.395 x 10
-3 
28.65 0.9948 
0.15 0.910 x 10
-3 
35.08 0.9912 
0.25 1.676 x 10
-3 
30.86 0.9991 
4.1.4.3 Application of pseudo-second order rate equation for different dye 
concentrations at constant temperature and amount of adsorbent  
The adsorption kinetics studies were applied to different dye concentrations at 
constant temperature and pH, using a constant mass of adsorbent (DCD-F-MMT8%). 
The pseudo-second order rate equation fit to the data obtained is presented in Figure 
4.19 and Figure 4.20. 
 
Figure 4.19 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Red with different initial concentrations on DCD-F-MMT8% 
(Mass of adsorbent=0.15 g DCD-F-MMT8%,  pH=9.41, t=30
0
C). 
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Figure 4.20 : Pseudo-second order rate equation fit to data for the  adsorption of 
Acid Yellow with different initial concentrations on DCD-F-MMT8% 
(Mass of adsorbent=0.15 g DCD-F-MMT8%,  pH=9.52, t=30
0
C). 
The kinetic parameters calculated for the adsorption of two dyes with different initial 
concentrations are given in Table 4.5 and Table 4.6. 
Table 4.5 : Kinetic parameters for the adsorption of Acid Red with different initial 
concentrations on DCD-F-MMT8% (Mass of adsorbent=0.15 g DCD-
F-MMT8%,  pH=9.41, t=30
0
C). 
C (mg/L) k2 (g/mg.min) qe (mg/g) R
2
 
40 4.80 x 10
-4 
86.20 0.9968 
80 0.86 x 10
-4 
172.41 0.9913 
120 0.38 x 10
-4 
270.27 0.9910 
Table 4.6 : Kinetic parameters for the adsorption of Acid Yellow with different 
initial concentrations on DCD-F-MMT8% (Mass of adsorbent=0.15 g 
DCD-F-MMT8%,  pH=9.52, t=30
0
C). 
C (mg/L) k2 (g/mg.min) qe (mg/g) R
2
 
40 9.10 x 10
-4 
35.08 0.9912 
80 6.00 x 10
-4 
90.09 0.9962 
120 2.73 x 10
-4 
153.84 0.9949 
The results show that  as dye concentration increases, equilibrium adsorption 
capacities increase, while rate constants decrease. 
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4.1.4.4 Application of pseudo-second order rate equation for different pH values 
at constant dye concentration, temperature and amount of adsorbent 
The adsorption kinetics studies were applied to dye solutions of different pH values 
at constant dye concentration and temperature, using a constant amount of adsorbent. 
The pseudo-second order rate equation fit to the data obtained is presented in Figure 
4.21 and Figure 4.22. 
The kinetic parameters calculated for the adsorption of two dyes from the solutions 
having different pH values (5.5, 6.5, 7.5, 8.5, and 9.5) are given in Table 4.7 and 
Table 4.8.    
 
Figure 4.21 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Red on DCD-F-MMT8% from solutions of different pH values 
(Acid Red concentration = 40 mg/L, mass of adsorbent = 0.15 g 
DCD-F-MMT8%,  t = 30
0
C). 
 
Figure 4.22 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Yellow on DCD-F-MMT8% from solutions of  different pH 
values (Acid Yellow concentration = 40 mg/L, mass of adsorbent = 
0.15 g DCD-F-MMT8%,  t = 30
0
C). 
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The results show that as pH of the Acid Red dye solution is increased, the 
equilibrium adsorption capacities and the kinetic parameters, k2, decrease. In the case 
of Acid Yellow dye solution, increasing the pH decreases the adsorption equilibrium 
capacities while k2 values do not give a significant tendancies. 
Table 4.7 : Kinetic parameters for the adsorption of Acid Red on DCD-F-MMT8% 
from solutions of different pH values (Acid Red concentration = 40 
mg/L, mass of adsorbent = 0.15 g DCD-F-MMT8%,  t = 30
0
C). 
pH k2 (g/mg.min) qe (mg/g) R
2
 
5.5 10.55 x 10
-4
 92.5926 0.9985 
6.5 10.59 x 10
-4
 87.7193 0.9987 
7.5 6.61 x 10
-4
 87.7193 0.9990 
8.5 5.62 x 10
-4
 86.9565 0.9982 
9.5 4.80 x 10
-4
 86.2069 0.9968 
Table 4.8 : Kinetic parameters for the adsorption of Acid Yellow on  DCD-F-
MMT8% from solutions of different pH values (Acid Yellow 
concentration = 40 mg/L, mass of adsorbent = 0.15 g DCD-F-
MMT8%, t = 30
0
C). 
pH k2 (g/mg.min) qe(mg/g) R
2
 
5.5 8.08 x 10
-4
 90.0901 0.9985 
6.5 9.30 x 10
-4
 76.9231 0.9978 
7.5 2.65 x 10
-4
 64.1026 0.9950 
8.5 5.07 x 10
-4
 42.9185 0.9979 
9.5 11.58 x 10
-4
 34.1297 0.9989 
4.1.4.5. Application of pseudo-second order rate equation for different 
temperatures at constant dye concentration, amount of adsorbent and pH.  
The adsorption kinetics studies were applied to dye solutions for different 
temperatures at constant dye concentration and pH, using a constant amount of 
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adsorbent. The pseudo-second order rate equation fit to the data obtained is presented 
in Figure 4.23 and Figure 4.24. 
 
Figure 4.23 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Red on DCD-F-MMT8% at different temperatures (Acid Red 
concentration=40 mg/L, mass of adsorbent=0.15 g DCD-F-
MMT8%,  pH=9.41). 
 
Figure 4.24 : Pseudo-second order rate equation fit to data for the adsorption of 
Acid Yellow on DCD-F-MMT8% at different temperatures (Acid 
Yellow concentration=40 mg/L, mass of adsorbent=0.15 g DCD-F-
MMT8%,  pH=9.52). 
The kinetic parameters calculated for the adsorption of two dyes from the solutions at 
different temperatures (20 
0
C, 30 
0
C, and 40
0
C) are given in Table 4.9 and Table 
4.10.    
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Table 4.9 : Kinetic parameters for the adsorption of Acid Red on DCD-F-MMT8% 
at different temperatures (Acid Red concentration=40 mg/L, mass of 
adsorbent=0.15 g DCD-F-MMT8%,  pH=9.41). 
T(
0
C) k2 (g/mg.min) qe (mg/g) R
2
 
20 3.02 x 10
-4
   62.89 0.9690 
30 4.80 x 10
-4
   86.20 0.9968 
40 6.52 x 10
-4
 140.84 0.9879 
Table 4.10 : Kinetic parameters for the adsorption of Acid Yellow on DCD-F-
MMT8% at different temperatures (Acid Yellow concentration=40 
mg/L, mass of adsorbent=0.15 g DCD-F-MMT8%,  pH=9.52). 
T(
0
C) k2 (g/mg.min) qe (mg/g) R
2
 
20 6.47 x 10
-4
 27.17 0.9813 
30 9.10 x 10
-4
 35.08 0.9912 
40 10.34 x 10
-4
 49.75 0.9966 
The results presented in the tables showed that for both dyes, both equilibrium 
adsorption capacities and adsorption rate constants increase with increasing 
temperature. 
4.1.5 Adsorption thermodynamics studies 
Ce and CA values were calculated via the method given in section 3.4.4, and these 
values were substituted into Equation 2.6 for each temperature in order to calculate  
equilibrium constants (KC). From Equation 2.5, standard Gibbs free energy change 
(∆G0) was calculated for each temperature. Standard enthalpy change (∆H0) and 
standard entropy change (∆S0) of adsorption were calculated from the slope and 
intercept of the Van’t Hoff line, respectively.  
The equilibrium constants and thermodynamic parameters at 20, 30 and 40 
0
C 
temperatures for the adsorption of Acid Red and Acid Yellow dyes on DCD-F-
MMT8% were calculated and given in Table 4.11 and Table 4.12.  
The calculated thermodynamic parameters, ΔG0, ΔH0, and ΔS0 are found positive. By 
the increase of temperature from 293 K to 313 K, the equilibrium constants and the 
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equilibrium capacities of adsorption have increased while ΔG0 values were 
decreasing. The calculated ∆H0 value was found as 55.39 and 33.98 J/mol for the 
adsorptions of Acid Red and Acid Yellow dyes, respectively. The fact that ∆H0 
positive shows that adsorption processes are endothermic. 
Table 4.11 : Thermodynamic parameters for the adsorption of Acid Red on DCD-
F-MMT8%. 
T(
0
C) KC ∆G
0
(kJ/mol) ∆H0(kJ/mol) ∆S0(kJ/K.mol) 
20 0.247 3.41 
55.39 
 
30 0.424 2.16 0.176 
40 1.061 0.03  
Table 4.12 : Thermodynamic parameters for the adsorption of Acid Yellow on 
DCD-F-MMT8%. 
T(
0
C) KC ∆G
0
(kJ/mol) ∆H0(kJ/mol) ∆S0(kJ/K.mol) 
20 0.089 5.89 
33.98  30 0.130 5.14 0.0954 
40 0.205 4.13 
  
 
 
 
60 
 
 
 
61 
5. CONCLUSION 
The objective of this thesis was to investigate color removal of dyes from water by 
adsorption method via using an adsorbent which is a cationic, water soluble polymer. 
DCD-F and its nanocomposite types were used as absorbent on two types of anionic 
dyes. Na monmorillonite (MMT) was used for production of nanocomposite resins in 
2%, 4% and 8% percentages. 
DCD-F resin was synthesized by condensation polymerization and the synthesized 
samples were structurally defined by performing the FTIR characterization. FTIR 
spectrum gives the peaks that are expected due to the chemical structure of DCD-F 
resin. The peaks of MMT were not shown on the composite structure spectrums 
because of the huge and sharp peaks of resin.  
Thermal decomposition behaviors of DCD-F and DCD-F-MMT nanocomposite 
resins were determined with TGA measurements. The weight loss (wt%)  rate of 
DCD-F was higher than that of nanocomposite resins. Also, the increasing clay 
content was induced the decrease in weight loss (wt%) rates of nanocomposite resins. 
UV/Visible spectroscopy and colorimeter were used to obtain adsorption data. 
Changes of adsorption capacities (qt) with time data showed that adsorption capacity 
increased by increasing of percentage of clay. The highest adsorption capacity was 
obtained by applying of DCD-F-MMT8% sample.  
The parameters of amount of adsorbent, dye concentration, temperature and pH were 
investigated by using DCD-F-MMT8%. Due to the different parameters, the 
applicability of adsorption data on the rate equations was investigated and it was 
found that pseudo second order rate equations were fitted to the data. According to 
the results for each of dye; 
 the adsorbent amount was 0.15 g with the best adsorption capacity 
 by decreasing of pH value, adsorption capacity increased; pH=5.5 gave the 
best result than 6.5, 7.5, 8.5 and 9.5. 
 adsorption capacity increased by increasing the dye concentration and 
temperature. 
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The adsorption experiments at various temperatures are performed by using 0.15 g of 
the sample DCD-F-MMT8% on Acid Red and Yellow dye solutions with 40 mg/L 
concentration.  
The thermodynamic parameters were calculated from the experimental data and the 
type of adsorption was found as physical adsorption due to the magnitude of ∆H0. 
These adsorption types can also be accepted as exchange adsorption with physical 
adsorption because of the ionic structure of polymer.  The positive ∆H0 values prove 
that the processes are endothermic.  
In conclusion, MMT increased the color removal efficiency of DCD-F resin with 
having better adsorption properties. So, DCD-F-MMT can be used for wastewater 
treatment especially textile effluents, instead of DCD-F resin to provide the reducing 
of chemical consumption. 
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